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[57] ABSTRACT

A process for the preparation of 2,4,6-trimethylphenol
by reacting a phenol of the formula (1) below,

R CH Rl

-~ in which R, and R, each stands for hydrogen atom
or methyl group

with methanol at vapor phase, in the presence of a
magnesium oxide-containing catalyst, to methylate the
former, the characteristic features residing in that the
reaction is performed at the temperatures ranging
from 400° to 500°C., and the gaseous mixture com-
posed essentially of the phenol and methanol is con-
tacted with the catalyst at a flow rate not higher than
0.4/hour (sum weight in grams of the phenol and me-
thanol/catalyst’s weight in grams/hour).

20 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
2.4.6-TRIMETHYLPHENOL

This invention relates to a process for the preparation
of 2,4,6- trlmethylpheno] from a phenol of the formula
(1) below: |

(1)

in which R, and R, each stands for hydrogen atom or
methyl group. More particularly, the invention relates
to a process for the direct preparation of 2,4,6-trime-
thylphenol of the formula (2) below:

OH

| H3C .I | CHS

CH3 -

by reacting the aforesaid phenol with methanol at
vapor phase, in the presence of a catalyst containing
magnesium oxide. |

An object of the invention is to provide a process for
the direct preparation of 2,4,6-trimethylphenol from at
least one of the phenols covered by the formula (1) at
high yields. |

Another object of the invention is to provrde an eco-
nomically advantageous process for the direct prepara-
tion of 2.,4,6-trimethylphenol from particularly the
phenol containing no methyl substituent group which
can be expressed by the formula (1') below: |

45

- OH

(1)

at a high conversion and high selectivity.
Still other objects and advantages of the invention

will become apparent from reading the followmg Speci-

fication.
Various methods are known in the past for the syn—

thesis of 2,4,6- trlmethylphenol
1nclude:
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. introduction of a group such as —NHE, —Cl—,

~—SO4H, or the like, into mesitylene of the formula (3),

” Hac _,...CH3
ox,

(3)
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and subsequent conversion of the group to —OH:

2. reaction of the mesitylene with hydrogen peroxide,
peracid, etc., in the presence of an acid such as HF,
CF,;COOH, H,50;, or CH;COOH—H,S04; and

3. reaction of phenols with formaldehyde at liquid
phase in the optional presence of dimethylamine to
form trimethylol compound of the phenol or deriva-
tives thereof, and subsequent hydrogenolysis thereof.

All of the above known processes, however, cannot

be regarded industrially advantageous, because they
require either expensive reaction reagent or complex
operation steps.
- Accordingly, if phenol of the formula (1’) or the
phenols containing one or two methyl groups at ortho
posttions[ all of such phenols are collectively covered
by the formula (1)], particularly the phenol containing
no methyl substituent group, 1.e., the phenol of formula
(1'), could be directly converted through a single stage
reaction to 2,4,6-trimethylphenol at high yields, indus-
trial gain will be indeed great. |

Preparation of ortho-cresol and/or 2,6-xylenol
through the vapor phase reaction of phenol with meth-
anol in the presence of magnesium oxide catalyst is also
known from, for example, British Pat. No. 717,588,
U.S. Pat. No. 3,446,856, its British equivalent, Pat. No.
1,034,500, and Chemical Abstract 70 19796b and 71
112619b. |

However, all of the above-mentioned prior arts dis-
close the selective methylation of ortho-positions of
unsubstituted rjhenol of the formula (1'). Conse-
quently, according to those known methods, the yield
of the compound containing methyl groups also at the
para-positions of phenol, particularly 2,4,6-trimethyl-
phenol, 1s at the best around 10 mol %. Thus one of the
prior arts can constitute industrially practicable pro-
cess for the preparation of 2,4,6-trimethylphenol.

Whereas, according to the invention 2,4,6-trimethyl-
phenol can be obtained through a single stage reaction
at a high yield, by reacting a phenol of the formula (1),

in which R; and R, each stands for hydrogen atom or
methyl group, with methanol at vapor phase, in the
presence of a catalyst containing magnesium oxide to
etfect methylation- of the former, the characteristic
features residing in that the reaction is performed at
temperatures ranging from 400° to 500°C., and the
gaseous mixture comprising at least phenol and metha-
nol 18 contacted with the catalyst at a flow rate not
greater than 0.4/hour [sum weight of phenol and meth-
anol in grams/catalyst’s grams/hour].

Hereinafter the mventlen will be explained in further
details.

We discovered that in the preparation of 2.,4,6-trime-
thylphenol through a single stage reaction at a high
yield, i.e., by vapor phase methylation of phenols of
formula (1), particularly the unsubstituted pheno! of
tormula (1'), with methanol,

A. selection of suitable temperature for the methyla-
tion reaction,
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B. selection of suitable flow rate of the starting gase-
ous mixture comprising the phenol and methanol to be
fed into the reaction system including the catalyst bed
[sum. grams of phenol and methanol/catalyst grams/-
hour, i.e., 1/hour is used as the unit], and -

C. preferably, although not essential, the seiection of

spectfic magnesium oxide as the catalyst, are extremely
important factors. -

I. Reaction conditions:

As already stated, it is particularly important accord-
Ing to the present invention to control; |

A. methylation reaetion temperature, and

B. flow rate of phenol and methanol in the material
gas [sum grams of phenol and methanol/catalyst
grams/hour (unit; 1/hour)] within the suitable ranges.

The suitable temperature range for the methylation is
400° — 500°C., particularly 420° — 490°C. According to
our studies, at the reaction temperatures close to the
lower limit within the range of 400° - 500°C., p-methy-
lation fails to progress at a satisfactory rate to reduce
space time yield, and at the temperatures close to the
upper hmit, 2,6-methylation reaction becomes active
and decomposition of methanol and the like also in-
creases, to unexpectedly reduce the 2,4,6-trimethyl-

phenol yield. Thus, at the reaction temperatures higher

than 475°C., particularly than 500°C., extension of
- reaction tlme never results in the high yle]d formation
“of 2,4,6-trimethylphenol. |
From the foregoing reasons, it is partlcularly ddVdI’l*
tageous to set the lower limit of the reaction tempera-
ture at 420°C., inter aha, 430°C., and the upper llmlt at
- 475°C.
~ The essential starting materials of the invention are
phenol and’ methanol, which are contacted with the

solid catalyst containing magnestum oxide at vapor

phase. The suitable ratio of the phenol to methanol in
the starting gaseous mixture is such that, based on the
theoretical mol number of the methyl group to be intro-

duced per mol of the phenol to form 2,4,6- trlmethyl- |

phenol 0.5 - 5 molar times, particularly 1 = 3 molar
times, the theoretical mol number of methanol is used
per mol of the phenol.

According to the invention, the phenol and methanol
to be fed into the reaction system containing the cata-
lyst may be diluted with an inert gas. Any inert gas not
detrimental to the methylation reaction can be used for
that purpose, examples of useful gases including steam,
hydrogen, nitrogen, argon, helium, and hydrocarbons
stable under the reaction conditions, such as methane.

-Such inert gases are used in the amount normal for
the conventional vapor phase catalytic reaction. Use of
an excessive amount should be avoided because such
makes 1t difficult to secure sufficient contact time.

- Among the above-mentioned inert gases, the most
preferred is steam. The selectivity for 2,4,6-trimethyl-
phenol can be improved by diluting the phenol- and
methanol with steam. In that case; 1t 1s. more advanta-
geous to dilute the phenol and methanol with the steam

- formed from the water not exceeding 10 molar times,

preferably not exceeding 6 molar times, of the phenol
employed. |

According to the invention, the phenol and methanol
mixture optionally containing the inert gas (which will
be hereinafter referred to as the material gas) is fed
Into the reaction system containing the catalyst bed, at
such a tlow rate as will make the flow rate of the sum of
phenol and methanol in the material gas [sum grams of
phenol and methanol/catalyst grams/hour (unit:
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l/hour)] not greater than 0.4 (1/hour), partlcularly o

from 0.01 —. 0 2 (1/hour) mter alla 0.04 - 0. 15
( 1/hour). |
When the flow rate of phenol plus methanol exceeds

the above upper limit, both the conversion of starting
phenol and the yield of 2,4,6- tnmethylphenol are re-
duced. Whereas, if the flow rate is low than the above
lower limit, the yield per unlt amount of the catalyst 1S
reduced. o |

Performing the methylation of phenol thus control-
ling the flow rate of phenol plus methanol to the cata-
lyst within the above-specified range and at the speci-
fied temperature range, it"becomes possible to guide
the reaction to essentially and selectively produce
2,4,6-trimethyiphenol.

In order to afford the 2,4,6-trimethylphenol in good
yield, 1t is desirable to carry out the methylation of
phenol with methanol at a pressure (as absolute pres-
sure) ranging from 0.5 to 20 atmospheres, preferably in
a range of 1 to 16 atmospheres, more preferably in a

‘range of 3 to 16 atmospheres.

. Catalyst

According to the invention, phenol and methdnol
optionally diluted with an inert gas (the starting gase-
ous mixture) is contacted with -a catalyst containing
magnesium oxide, at vapor phase

Accordmg to our studies, it is found that as the mag-
nesium oxide to be used as the catalyst, particularly

a. magnesium oxide which does not change color of
both p-dimethylaminoazobenzene and 4-chloro-aniline
qervmg as the indicators; and

b. magnesium oxide which does not ehange color of
both Methyl Red and 4-nitroaniline servmg as the md1~
cators, are advantageous. .
~ The pKa s at which the Speelﬁed mdlcators change
colors, and the colors are as shown in Table 1 belew

Table 1
Color
- ; Color of Indicator
- Change Before After
Point - Color Color
-~ Indicator -~ (pKa) Change =~  Charnge
p-Dimethylaminoazobenzene 3.3 yellow red
(dimethyl yellow)
p-Dimethylaminoazobenzene- 4.8 yellow red
carboxylic acid .
(Methyl Red)
4-Nitroaniline 18.4 yellow yellowish
{ p-nitroantline) . orange
4-Chloroantline 26.5 blank pink

{ p-chloroantline)

As the catalyst to be employed in this invention,
particularly the magnesium -oxide which is shaped into
optional forms such as pellet, granule, ring, block and
spherical ball, and which has the pKa within the range
satistfying .the condition (a) above, Strll more particu-

larly the condition (b), is suitable.

The measurement of pKa of solid magnesium oxide,
particularly shaped magnesium oxide, using the indica-
tors given in Table' 1 can be effected, for example, by
the following means for determining the acid-base
strength.

Measurement of acid-base stréngth

The magnesium oxide to be used as the catalyst is
heated in air at 450°C. for an hour, cooled under pro-
tection against moisture infiltration (for example, in a
silica gel dessicator), and a minor portion of which
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(e.g., approx. 0.1 g) 1s put into reﬁned benzene (e.g.,
approx. 5 cc). Into that sample a very minor amount
(e.g. 4 to-5 drops) of a diluted benzene solution of the
indicator (e.g., 0.1.wt. % benzene solution) is dropped
and state of color change after: 40 hours’ standrng 1S
observed with naked eye. -~ - R -
Therefore, that the magnesrurrr oxrde satisfies the
condition (a) above signifies that it contains no acid
strength of 3.3 or below as expressed by pKa (acidic
substance) nor a strong base strength of 26 5 or above
as pKa (strongly basic. substance) . o
Similarly, the magnesium oxide satrsfyrng the condl-
tion (b) neither contains the acid strength of pKa 4.8 or
below, nor the strorg base :strength of pKa 18.4 or
above. Such magnesium oxide satisfying-the -condition
(a) or (b), particularly (b) IS preferred for the process
of this mnvention. - o - -
According to our studres rf a strong base strength
higher than the pKa specrﬁed by the foregoing condi-
tions, particularly (a), is present in the magnesium
oxide, the 2,4,6-trimethylphenol yield during the early
stage of the reaction (for example, the initial 6 hours or
so after the reaction started) is reduced. Whereas, if an
acid strength lower than the pKa specified in the fore-
going conditions, parttcularly (a), is: contained 'in. the
magnesium oxide, it is confirmed that the methylation
of phenol at meta-positions. concurrently takes- place,
to form meta-methylated derivatives as. srde-product
Consequently, not only the 2,4,6- trrmethylphenol yield
is reduced, but also the difficult separation. of meta-
methylated product . becomes
methylated phenols, e.g., 2,3,5-, 2 3,4-, and 2,3,4,6-
methylated phenols, are extremely hard—separable from
2,4,6-trimethylphenol. It is especially desirable for the
preparation : of ‘high purity 2,4,6-trimethylphenol,
therefore, to use the magnesium oxide containing .no
acid strength of 3.3 or less pKa, or, more preferably,
less than 4.8. . 1
According to the mventron furthermore the magne-
sium oxide serving as the catalyst may have the op-
tional configuration, but should preferably be shaped,
having the pore radius (r) ranging from 20 to 200 A,
particularly from 30 to 150 A, and still more prefer-
ably, specific surface drea of at least 15 m?/g, particu-
larly from 20 to 200 mz/g, inter alla from 40 to: 100
m*/g. - - C __
Usrng the shaped rnagnesmm oxrde satlsfymg the
above requirement on the pore radius (r), particularly
both the requirements on average pore radius. (r) and

| speclﬁc surface area, it becomes possible to further -

rmprove 2,4,6-trimethylphenol yield. .

- Incidentally, the pore radius (r) can be measured for
- example, by pressurized mercury feed method, and the
specific surface area, by BET method. Such measuring

means are dlsclosed for example in the following liter-

Mercury porosrty measurement

H. L thter L. C. Drake, Ind. Eng. Chem. Anal Ed
17 782 (1945) | .

| BET method

P H. Emmett Chem Rev.. 43 69 (1948)
P. E. Emmett; Catalysis, I, 31 (1954)

S. Brwnaver “The Adsorptron of Gases and Vapors”
Vol |, Physical Adsorption P271,317 (1954).
- According to our studies, furthermore 1t 18 discov-

ered that for the high purity 2,4,6-trimethylphenol

_necessary. - Meta-
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preparation at-high yields, the ratio of basicity (k) in
the magnesium oxide as expressed by the formula (4)
below should advantageously range from 30 to 100%,

partlcularly from 60 to 100% 1nter alia, from 80 to
100% - . . |

___. basicity - 100 ('a:«:)_ (4).

~ " basicity + acidity |

Thus the shaped magnesium oxide contammg no acid
strength of 3.3 or less pKa, preferably 4.8 or less pKa,
as mentioned in the foregoing conditions (a) and (b),
and furthermore having a ratio of basicity (k) within
the above-spec1fied range gives very favorable results

when used as the catalyst.

The basrcrty and acidity necessary for determining
the ratio of basrcrty (k) according to the formula (4)
can be measured by the following methods

Measurement of ba31c1ty (amount of base)

Slmllarly to the measurement of acid- base strength
already described, the sample magnesium oxide is
heated at 450°C. for an hour in air, and cooled to room
temperature under protectron against moisture infiltra-
tion. Approximately 2. I g of the sample is placed n
approxrmately 5 cc of refined benzene, and into which
0.1-N benzene solution of benzoic acrd is titrated until
Bromothymo] Blue ‘serving as the indicator changes

J color (color change point: pKa = 7.1) to determine the

basicity. The particulars of this measuring method 1S
disclosed in the below-identified literature.
'ST. Mallnowskl and A7ezepanska J ournal of Cataly-
srs4 324 - 331 (1965) |
Jun-Ichiro Take, Nobuji Kikuchi, and Yukro Yoneda
Journal of Catalysrs 21,164 - 170 (1971) - |
Stewart. R. and O’Donne]l J.P.J. Am Chem. Soc
84 493 (1962) Can J. Chem 42, 1681 (1964)

Measurement of ‘acidity (amount of acrd)

Approxrmately 0.1 g of the sample magnesmm oxide

- whrch has been treated as above is placed in approxi-
“mately 5 cc of refined benzene, and into the solution
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0.1-N benzene solution of n- -butylamine is dropped
until Neutral Red as the 1nd1cator changes color (color
change pornt pKa = 6. 8). The acrdrty can be deter-
mined by this tetration, partlculars of which bemg dis-
closed in the below-ldentlﬁed literature.

0. Johnson J. Phys: Chem., 59, 827 (1955) -

C. ‘Walling J. Am. Chem. Soc 72, 1164 (1950)

H. A. Benst J. Am. Chem. Soc 78, 5490 (1956)

Again according to the invention, up to 10% by
welght preferably up to 5% by weight, of the magne-
sium oxide as the catalyst may be replaced by a metallic
compound specified below. ermg of a suitable
amount of such metallic compound produces such
advantages as, for example facilitation of magnesium
oxide shapmg, mcreasmg the strength of so shaped
product and improving the catalytic ab1hty by reduc-
ing the acidity of magnesium. oxide. -

As such metal compounds oxides, hydroxrdes or
inorganic acid salts of varius metals are used in suitable
amounts which do not cause an extreme increase in the
acid strength and acidity or basicity strength of the
catalyst comprising magnesium oxide (MgO) and the
metal compound or an extreme reduction in its surface
area. | | "
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‘Examples of the metal oxides are oxides of alkaline

earth metals such ds calcium, strontium or barium, and
those of zinc, titanium, zirconium, vanadium, chro-
mium, tungsten or iron. The hydroxides include those
of alkali metals such as lithium, sodium or potassium.

Examples of the inorganic acid salts are carbonates,
sulfates, phosphates, borates, silicates, aluminates,

chromates, molybdates, tungstates, and vanadates of

various metals, especially alkali metdls and alkaline
carth metals. |

Of these metal compounds at least one compounds
selected from the group consisting of hydroxides, car-
bonates, phosphates, borates, silicates and aluminates
of alkali metals, and oxides, carbonates, borates and
phosphates of alkaline earth metals is preferred.

Various mdgnesmm compounds which are convert-
ible to magnesium oxide upon calcining, such as mag-
nesium hydroxide or carbonate, basic magnesium car-
bonate, organic acid salts of magnesium such as for-
mate, oxalate and acetate, magnesium nitrate, and the
like, are calcined in vacuo, or in an inert gaseous atmo-
sphere such as of nitrogen, helium, neon, argon, steam,
or carbon dioxide, or in a molecular oxygen- contdining
gas (e. g air) under the conditions suitable for thl‘-}
conversion to magnesium oxide.

“The calcination temperature may range from 400" to
700°C., preferably from 450° to 650°C. Upon calcina-
tion the aforesaid various magnesium compounds at
such temperature range, catalyhca]ly ac:twe magne-
sium oxide can be easily obtained. |

Particularly the mdgnestum oxide LdtdlySt formed by
calcining mdgneslum hydroxide or basic magnesium
carbonate in an atmosphere of molecular OXygen-con-
tdmmg gas 1s preferred. |

It 1s furthermore dlsoovered dccordmg to our qtudles
that, when finely divided magnesium compound con-
vertible to mdgnesmm oxide upon calcination as above
is compression moulded before the calcination for ex-
ample, into cylindrical, pellet, ring, crushed, or spheri-
cal forms under the pressure not lower than 1000
ton/cm?2, preferably not lower than 500 ton/cm?, and

Lh
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then calcined the catalyst having hlgh activity dl‘ld

- strength can be obtained.

If a magnesium compound which generates a gas, for
example, carbon dioxide, under the calcination condi-
tions, such as basic magnesium carbonate, is used as
the starting material of the catalyst, however, it is pref-
erably calcined in advance to be converted to magne-
sium oxide, and thereafter shaped, and calcined again if
requu'ed to prowdo the shdped catdlyst for the <;ubjoot

process.
~ In the prepamtlon of shdped magnesmm oxide cata-
lyst from the afore-specified magnesium compounds or
magnesium oxide, conventional moulding - assistant
such as graphite, higher fatty acid such as stearic-acid,
water glass, or a high molecular compound such as
cellulose acetate, carboxymethyl cellulose, and polyvi-
nyl alcohol, may be added to facilitate the shaping
operation and/or increase the strength of resulting
shaped catalyst. Such a moulding assistant is preferably
used i the amount of not more than 10% by weight,

preferably 5% by welght of the entire system, at the

time of shaping. -

When a metallic compound such as the aforenamed
alkali metal or alkaline earth metal compound 1s added
to magnesium oxide, the mixed catalyst can be pre-
pared, for example, by the following methods:

45

50
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Prempltatlon method

The metalllc compound or a solution thereof is added

" to a solution (preferably aqueous solution) of a magne-

sium compound convertible to magnesium oxide upon

calcination described as above to cause precipit'ation,
and the preupltdted sohd 1s calcined.

lmprognatlon method

Pulven?ed or shaped magnesmm compound as al-
ready specified is. dipped nn a solutlon of the metallic
compound, dnd then calcmed | |

Mlxm g method

Pu]ven?ed mdgnosmm compound as abovo named 1S
uniformly mixed with the pulverized metallic com-

| pound and the mixture 1s calcied.

" By ‘suitably selecting and combining the foregomg
methods and conditions: according to the invention,
excellent magnesium oxide-containing shaped catalyst
having the pKa value within the specified range in con-
dition (a), particularly condition (b), the average pore
radius (r) ranging 20 — 400 A, particularly 30 — 150 A,
the specific surface area of at least 15 m>/g, particularly
from:20 - 200 m?g, and, if necessary, the ratio of basic-
ity (k) of 30 - 100%, pdrtlcularly 60 — 100%, inter aha,
80 -~ 100%, can be formulated.

The process of this invention can be praotlced by
using such a catdlyst in-an-optional form such as a fixed
bed or fluidized bed. Also any known -apparatus suit-
able for conventional vapor phase catalytic reaction
can be employed |

Regeneratlon of catalyst

When the -Spemﬁed phenol is methylated with metha-
nol at vapor phase and at the temperature of 400° —
500°C. 1n the presence of a magnesium oxide-contain-
ing catalyst as above-described according to the inven-
tion, the activity of the catalyst gradually decreases
after it has maintained its high activity for a few days.

According to our studies, the magnesium oxide-con-
taining catalyst of which activity is reduced as the result

-of prolonged use in the specified methylation reaction

can be reactivated (regenerated) by any of the follow-
mg means, for example, |

‘1. contacting with molecular oxygen or a molecular
oXygeh-containing gas (oxidation treatment),

1i. subjecting the used catalyst to the above oxidation
treatment, and then contacting the same with water or
steam (oxidation and subsequent water treatment) and

ui. performing the oxidation treatment of (1) above

~ simultaneously with the water treatment (mmultaneous

35

water treatment). |

"When the magnesium oxide- contdmmg catalyst of
which - acitivity has been reduced is contacted with
molecular oxygen or a molecular oxygen-containing

-gas at high temperatures, the carbon or carbide ad-

~ hered onto the catalyst’s surfaces is oxidized and re-

60

65

moved: Thus the catalyst is again 1mparted with the
high activity. |

For the regeneration of used catalyst, the water treat-
ment after the oxidation of (ii) above, and the simulta-
neous water treatment of (11) are more effective than
the oxidation treatment of (1). Obviously; the water
treatment may be given before the oxidation, but the
regenerating effect whereby achieved 1s substantially
the same. with thdt of tho oxidation treatment of (1)
alone.
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The oxidation and water treatments for reactivation
of used catalyst will be hereinafter explained in further
details.

Oxidation treatment

The temperature at which the catalyst of reduced

activity is contacted with molecular oxygen or a molec-
ular oxygen-containing gas may be such that as will
cause oxidation and substantial burning of the carbon
or carbide adhering onto the catalyst’s surfaces, which
is normally 200°C. and above, preferably not lower
than 300°C., particularly not lower than 350°C. The
higher the contact temperature, the shorter may be the
contact time, but excessively high temperatures cause
reduction of catalyst’s surface area, rendering the satis-
factory regeneration of catalytic activity diffucult.
Therefore, the upper limit of the contact temperature is
700°C., preferably 650°C., inter alia, 550°C.
- 'The molecular oxygen used for the oxidation treat-
“ment may be pure oxygen, but more suitably is a molec-
ular oxygen-containing gas composed of the pure oxy-
gen diluted with an inert gas, in order to prevent rapid
temperature rise caused by the combustion of the car-
bon or carbide adhering onto the catalyst’s surfaces.
For example, gaseous mixtures of moilecular oxygen
with such an inert gas as nitrogen, helium, argon, and
the like, are used. Particularly air and a mixed gas
formed by further diluting air with an inert gas as
above-mentioned are preferred because of their easy
availability.

The contact time should be long enough for the oxi-
dation and substantial removal of the carbon or carbide
adhermg onto the surfaces of the catalyst. Although
such is variable depending mainly on the contact tem-
perature, normally several minutes to several hours are
sufficient for the purpose. Generally speaking, when
the temperature is relatively low, the used catalyst may
be treated for many hours, but such prolonged oxida-
tion reaction at temperatures as high as 600°C. or
above may cause reduction in surface area of the cata-
lyst and consequently, insufficient catalyst regenera-

tion contrary to the purpose of the treatment.

Water treatment

It 1s preferred to regenerate the used catalyst by the

- aforesaid water treatment after the oxidation, or by
simultaneous water treatment, rather than by the oxi-
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the shorter time than that required for the consecutive
practice of the oxidation and water treatments.

The regeneration of used catalysts can be effected in
any form such as a fixed bed fluidized bed or moving
bed.

The magnesmm oxide-containing catalyst can be thus
used semi-permanently, by representing the above-
described regeneration treatment whenever a reduc-
tion in the catalyst’s activity is observed.

According to the invention, high purity 2.4, 6-trime-
thylphenol can be produced through a single stage
reaction at high yields, by methylating phenol with
methano! at vapor phase, using the afore-specified
magnesium oxide-containing catalyst, under the speci-
fied reaction conditions. Thus, it is made possible to
convert phenol to 2.,4,6-trimethylphenol with the yield
of at least 50 mol %, and that of as high as 70 mol % or
above under preferred conditions, as demonstrated
also 1n the later given Examples. Furthermore, the
object high purity 2,4,6-trimethylphenol can be easily
separated and recovered from the methylation reaction
product obtained upon the subject reaction, by, for
example, distilling the product or cooling the same to
crystaltize 2,4,6-trimethylphenol.

As already mentioned, according to the invention
2,4,6-trimethylphenol can be produced with the high

| yleld% from unsubstituted phenol or the phenols con-
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dation treatment alone, because by the former higher

activities can be given to the regenerated catalyst. The
suitable temperature at which the water treatment is

50

- performed after the oxidation treatment is at the lowest -

‘room temperature, preferably 100°C. or above. The
upper Iimit can be advantageously set to be not higher

than 650°C., preferably 400°C., inter alia, not higher
than 250°C. The water treatment time normally ranges
from several minutes to several tens of hours.

‘The simultaneous water treatment for the catalyst S

‘regeneration can be effected by contacting the used
catalyst ' with a gaseous mixture of molecular oxygen or
a molecular oxygen-containing gas, and steam. The

- suitable temperature for that treatment is at the lowest
200°C., preferably 350°C. and above, the upper limat

being 600°C particularly 470°C. |
- The simultaneous oxidation and water treatment as

- " above is industrially highly advantageous, and is the

‘most preferred. Because, whereby not only is the cata-
lyst activity regenerated substantially to the original
level, but also the regeneration can be effected within

35
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taining one or two methyl substituent groups at ortho-
positions. Whereas, it 1s also possible to produce high
purity 2,4 6-trimethylphenol with high yields, by apply-
ing the 1dentical conditions with those so far described
to, for example p- methylphenol or 2.4- dlmethyl-
phenol. |

The 2,4,6- trimethylphenol obtained through the pro-
cess of this invention is itself useful as, for example, an
antioxidant. Not only that, it is useful also as an inter-
mediate of perfume, various chemicals and pharmaceu-

ticals. One example of such usage can be illustrated
below. |

OH
6xidation
 m——E

] o
1 rear-
1 rangement
50 OHy

s
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To wit, trimethylhydroquinone can be derived from

2,4-Xylenol =~ - 0.077 g (0.63 mmol)
the 2,4,6-trimethylphenol obtained by the present in- 32’ ;‘5’15“3"’5 - 0-41 g (2.74 mmot)
vention at a high yield according to the above reaction 2,4,5-t rlmethylphenols 0.185 g ( 1.36 mmol)
" formula. The trimethvlhvdr ] . vl e 2,4,6-trimethylphenol 10.8 g (79.20 mmol)
| yiyaroqionone can be used as-a S 2.3.4,6- tetramethylphenul. 0.41 g (2.74 mmol)

starting material. of vitamine E - (tocopherol), upon
condensation with, for.example, phytol or iso-phytol. - | | o .
Heremnafter the invention will be explained with ref- The yields based on the fed phenol were, therefore,
erence to the working Examples, which should never 2,4-xylenol 0.6%, 2,6-xylenol 3.5%, 2,3,6-, 2,3,5-, and
be construed to limit the scope of the mvent:on In any 10 2.4.5-trimethylphenols  1.3%, 2,4,6-trimethylphenol
sense. - o A 76%, and 2,3,4,6-tetramethylphenol 2.6%. |
| L - - - Likewise, the reaction product collected during the
:‘ EXAMPLE 1 | reaction of 6 to 24 hours was 62.4 g, and the yield of
Preparation of catalyst each component was as follows: 2,4-xylenol 0.5%, 2.6-

A suspension of 1005 of fcy dvided magnesum 1 VIST0LS0% 23.6,33.5 and 3.5 rimtiphnol
oxide In 800 ml of water was charged i an agitation thylphenol 2 19, e It I |

tank, and stirred violently for 30 minutes. Whereupon The WHSV (i.e. the weight of phenol plus methanol
the greatest part of the magnesium oxide was converted
to magnesium hydroxide, which was recovered by fil- ted per hour per unit we1ght of the catalyst) was 0.1 1

. . . I/hr.
tration, dried at 100° - 120°C. for an overnight, and =Y N | |
pressure-molded into each 5-mm thick tablets having a whsy — phenol plus methanol (wt/hr) (1/hr)
diameter of 6 mm, under a molding pressure of 5 — 6 _ catalyst weight (wt) .
t/cm?=. | | | | Y¥ield _ fmrmt:_:d 4.,6- tnmethy_phenﬂl (mol) .. 100('%) |

The tablets were calcined for 3 hours at 600°C. in an
electric oven, to provide a magnesmm oxide catdlyst 25
The calcination atmosphere was air.

Forty (40) g (74 ml) of the above catdly‘;t was filled

into 28-mm diameter quartz reaction tube. The space In this Example the correlation of reaction tempera-

above the catalyst bed was packed with gldss wool, and ~ ture and WHSV with the reaction results is demon-
the tube was let stand upright. The catalyst bed was 30 ¢trated.

maintained at 450°C. by externally hedtmg the tube
with an electric heater.

fed phenol (mol)

EXAMPLE 2 AND CONTROL 1

The same catalyst employed n Example 1 was used.

~ The WHSV was varied by changing the amount of the
The atmosphere inside the reaction tube was substi- catalyst, while the mol ratio of methanol to phenol in

tuted with nitrogen gas, and thereafter a mixed solution the starting solution was always 5.0, and the feed rate
of phenol and methanol (the mol ratio of methanol'to 33 was 5.0 ml (4.5 g) per hour.

phenol being 5.0) was fed into the tube from the top, at The reaction and analysis methods were the same
a flow rate of 5.0 ml (4.5 g) per hour through a quanti-  with those of Example 1. The reaction conditions and
tative pump. The reaction product leaving the reactlon_ results were as given in Table 1 below, in which the

tube from the bottom was collected. ~ reaction results were measured : as to the reaction prod-
Six (6) hours after the reaction started, the fed phe- 40 et collected durmg 6 — 24 hours reaction.

nol amounted to 9.9 g (105 mmol), and 18.2 g of the From the results given in Table 1, it can be under-

reaction product was -obtained, most of which being In stood that the 2,4,6-trimethylphenol yie]d was the high-

solid state. The reaction product was homogeneously est at 450°C., while at 550°C., 2,6-xylenol yield was

dissolved in methanol and subjected to a quantitative high and that of 2,4,6-trimethylphenol was low. At the
analysis through gas chromatography. The results were temperatures below 400°C., the yields of both 2,4,6-
as follows: trimethylphenol and 2,6-xylenol were decreased.

45

Table 1

2,4.,6- | 2,6- 2,4-
Reaction Trimethylphenol  Xylenol  Xylenol = Orthocresol  Unreacted
| temp. WHSV yield . yield yield yield phenol
Run No. S (°Cy (Y (%) (%) (%) (%) (%)
Control -1 550 . 0.22 1.4 29 3.2 32 9.4
' 1-2 ' .50 12.5 71 1.2 4.8 2.8
1-3 ” 1.1 1.0 - 17 0.5 4.6 3.1
T 1-4 ! 2.2 5.7 68 0.2 10.2 7.1
Example 2-1 500 0.11 - 27 14 1.9 7.4 . 1.2
| ' 2-2 S 0.22 55 30) 2.6 0.7 0.2
Control 1-5 ’ 0.50 39 48 0.8 1.1 2.7
' 1-6 ' 1.1 18 64 0.4 3.5 {.8
' [-7 ! 2.2 1.9 26 (.9 26 28
Example 2-3 45() 0.056 - 77 29 1.0 0 0
" 2-4 ' 0.075 81 3.3 1.3 () 0
o I H 0.11 83 5.0 SV O O
' 2-5 '’ 0.22 72 13 0.8 1.0 0
Control 1-8 " .50 6.9 21 3.5 26 29
Y & .} 1.3 7.3 1.7 21 40
Example 2-6 4()() 0.056 44 . | 4.6 1.5 1.6 2.1
& 2.7 & 0.075 42 12,6 3.() 3.6 2.6
" 2.8 " 0.15 0.5 1.3 [ 18 47
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Table l—contlnued
S o 246--- | 2 6- - 2:8-
Reaction Trimethylphenol Xylenol  Xylenol  Orthocresol  Unreacted @
~ temp. - WHSV yield vield yield yield phenol
Run No. {°C.) - (hr-1) (%) (%) (%) (%) (%)
Control  1-10 375 - 0.056 1.5 20 17 17 28
' 1-§1 . 011 - 1.3 4.0 2.3 21 38
ditions with those described in the later-appearing Ex-
EXAMPLE 3 pPpEariie

This Example demonstrates the signiﬁeance of the
mol ratio of methanol to phenol.
Using the magnesium oxide catalyst prepared as in

ample 9-4.

The reaction conditions and results were as shown in
Table 3 below, in which the reaction results were those
obtained during 6 to 24 hours of the reaction.

Table 3
| Yield (%)
Methanol Theore- 2.4,6- 2,4.6- 2.3.4.6-
Reaction Starting tical Tri- Tri- Tetra-
Example Startomg WHSV temp. Material Mol o-Cresol = 2,4- 2,6- methyl- methyl-  methyl-
No. Material “(l/hr) -~ (°C.) (mol ratio) Ratio - p-Cresol Xylenol Xylenol phenol antsole phenol
4-1 0-Cresol (.23 450 2.0 1.0 4.3 4.7 23.2 56.1 0 .9
4-2 . 0.23 450 . : 5.0 2.5 - 1.2 0.7 10.4 70 4.2 4.0
- 4-3 " 0.55 450 4.0 2.0 6.4 1.4 59 26 0 )
4-4 055 500 4.0 2,0 . 1.1 0.2. . 53 31 0 0.4
4-5 p-Cresol 023 450 '~ 4.0 - 2.0 0 730 20 81 0.7 10
4-6 2.6- S o S - . - |
- Xylenol 0.24. 450 - 2,0 20 0.1 - 04 51 82 2.0 1.7
4-7 022 450 . 50 5.0 05 . 02 15.4 55 . 11.0 3.5
4-8 " 0.59 450 2.0 200 0.2 0.1 44 36 ) 0.9
4.9 ' 0.59 500 2.0 2.0 0.1 0.1 - 59 28 -0 (1.5
later appearing Example 9-4, the process of this inven  EXAMPLE 5§ -

tion was practiced similarly to Example 1, at the reac-
tion temperature of 450°C., and pressure-of ‘1 atm., the
WHSYV being 0.11 l/hr. The reaction results as to the

products collected between 6 to 24 hours reactlon |

were as given In Table 2.

‘In the Table, the theoretical mel ratlo 1S that ef the-‘
methanol based on  the theoretical ‘mol number: of
methyl groups to be introduced per mol of phenol for 40 thylanisole,

making 2 4 6 trlmethy]phenol

35

In this Example, the minor amounts of anisole and
methyl-substituted anisoles by-produced of the subject
process were contacted with the catalyst-together with

methanol, to be converted fo 2,4,6- trlmethylphenol In
aeeordance with the invention.

Anisole, 2-methylanisole; 4-methylanisole, 2,4-dime-
2,6-dimethylanisole and 2,4,6-trime-

‘thylanisole were each mixed with methanol, and the

with methanol to be reacted in the manner identical !

with Example 1.

The catalyst employed was the magnesmm 0x1de~
prepared by the identical method under identical con-,

_ ~Table 2 . L
Methanol/Phenol (mol ratio) 10 8 7 6 - 15 4 3. 2-
Theoretical Mol Ratio 3.3 2.6 2.3 2.0 1.6 1.3 1.0 0.66
Yield Phenol 0 0.2 0 0 0 0 3.5 8.4
(%) - | o
o-Cresol 0 0.3 0 -0 0 0.9 15 23
2,4-Xylenol 0.1 0.7 0.8 0.8 1.0 2.7 6.6 8.2
2,6-Xylenol 14 11 5.5 5.4 5.1 1] 20 22
2.3,6-, 2,3,5-, and 0.9 1.3 0.7 0.8 09 07 0.2 0.1
2,4 S-Tnmethylphenel - | o | S S
2:4,6-Trimethylphenol 62 68 76 79 81 74 34 16
2,3,4,6- Tetmmethylphenul | 40 53 6.0 23 1.8 12 08 - 0O
Anisole 0.2 1.2 0.6 - Q.5 0.5 ].1 1.5 2.7
o- and p-Methylanisole - 0.7 04 0 0.3 0.1 O = .03 0.2
2,6-Dimethylanisole o 3.2 0.6 0.5 - 0.3 04 0.2 0.2 0.1
2.4,6-Trimethylanisole 7.6 3.0 2.3 .1 0.9 07 0 0
| mixed solutions were reacted in the manner similar to
S - Example 1, under the following reaction conditions:
EXAMPLE 4 60 | of . .
| | - OV temperature, 450°C.; WHSV, 0.11 1/hr; and pressure, 1
In this Example, o-cresol, p-cresol, and 2,6-xylenol atm. The reaction products obtained during ! to 7
were used as the starting matenals. ~ hours’ reaction were analyzed. Thus determined com-
~ Instead of the phenol-methanol mixed solution, each  positions of phenols and anisoles (mol %) were as given
of the above-mentioned startlng materials was mixed  in Table 4. ' - -
65 From the same Table it can be understood that the

anisoles by-produced of the subject process are con-
vertible to 2,4,6-trimethylphenol, when recirculated to
the reaction system of the invention.
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Table 4.
Cumpebltmns of Phenulx and Anneleﬁ in Reaction Preduet (mol %) -
Methanol - | o - | . 2.4~ 2,6- 2.4,6- 2.4,6-

b x- Starting | - 2- 4. . | Di- - Di- Tri- Tri-

ample Starting Materiat . Ani- o- . Methyl-. Methyl- ' 2.4- methyl- 2,6- methyl- methyl- methyl-

No. Material (mol ratio} -~ sole Cresol anisole - anisole  Xylenol® ' anisole Xylenol = anisole phenol  anisole

5-1 Anisole 5 33 12 — - 15 - 13 L 24 S

5-2  2- T — — 38 — —_ — 20 — 28 5
Methyl- -
anisole - -

5-3 4. 5 - - = ...49 — — — — 39 9
anisole | - -‘ | e

5-4  2.4- 5 — — — — — .5 4 = ~ 85 - —
h‘lt:t)'l- P
anisole -

Di-
methyl-
anisole - - . : _ ' '

5-6  2.,4.6- 5 | — — — — — - = — 8() 4
Tri- | | A R |
mcthyl-
anisole

. | runs the mol ratio of methanol to phenol was 5.0, and
EXAMPLE 6 ph

This Example is to demonstrate the significance of
reaction pressure and addition of water, in the run
using pheno! and methanol as the starting material.

A hiquid mixture of phenol, methanol, and water was
formed in a SUS 27 stainless steel reaction tube of 25

mm in inner diameter which was equipped with a ther-
mometer and electric heater, and fed through a quanti-
tative pump into an evaporator maintained at 230°C. to
be evaporated. The vapor was led into a reaction tube
of which temperature was maintained -at the predeter-
mined level. |

The redctlon product wac; collected by condensatlon

at an intermediate reservoir maintained at approxi-.

mately 90°C. The pressure was maintained at a prede-
~ termined level by feeding nitrogen gas into the reser-

voir . or discharging therefrom a gaseous mixture of

mtrogen and the gaseous reaction product. . .
The reaction product was subjected to the quantlta-
tive analysis similarly to Example 1.
The catalyst employed was that prepared through the
ldenthdl procedures with those of Example 1. In all

25
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other reaction conditions and results were as indicated
in Table 5. In the same Table, WHSV is the weight .of
phenol plus methanol fed per hour per unit weight of
the catalyst (weight of water being excluded). In Exam-
ples 6-2 and 6-4, mtrogen gas was used mstead of
water. - L |
From the results given in Table 5 itis conﬁrmed that
under the reaction pressure of 1 atm. and temperature
of 450°C., addition of water or nitrogen gas achieves
substantlally no appreciable effect as to STY of 2,4,6-
trimethylphenol, but when the added amount of water
or. nitrogen 15 2 molar times the phenol, water gives a
better. result, and also that the catalyst’s activity lasts
with better stability in the presence of water or nitrogen
gas. It can be furthermore understood that, under an
clevated pressure and large WHSYV, the STY of 2,4.6-
trimethylphenol increases, and the addition of water is

- effective for sustaining the catalyst’s activity:.

Incidentally, “STY” of 2,4,6-trimethylphenol is the

‘mol number of 2.4,6-trimethylphenol. obtamed perf

hour per l kg of the catalyst.

Table 5
Yicld (%)
and STY |
| | = (mol/kg.hr) Reaction Time (hr))
| - Reaction Reaction H.,O/ of 2.4.6- -
Example Pressure Temp. WHSV PhOH Trimethyl- | | s o
“No. (atm.) (°C.) (1/hr). (mol ratio) phenol 1-3 3-6 - 6-15 15-24 . 24-34 -34-44
C6-1 1 450 0.11 2 - Yield 51 73 67 63 61 62
o | | | O §TY 022 032 0.29 0.27 0.26. 0.27
6-2 1 450 011 N, 2 - Yield 54 68 62 57 53 . 49
- - | ~ STY 0.24 ° 029 027 025 0,23 . 0.21
- 6-3 i 45() 011 10 Yield 53 50 45 . 41 36 N
A | | | - STY 023 022 019 018 0. 16
S 6-4 o 450 0.11 N, 10 Yield . 57 56 .50 .47 - 42
R | S STY 0.25 024 022 020  0.18
65 87 . 450 0.23 3 Yield 63 67 62 60 57
o o S R STY 0.57 . 0.61 0.56  0.54 0,52
6-6 g .490 . 074 6 Yield 50 56 17 S .
e - | - STY = 1.45 1.63 0.49
- 6-7. - 8 550 1.20- - 6 - Yield 62 25 5
S D L STY 293  1.18 . 0.24 .
68 10 470) 0.22 6 Yield 36 54 57 . 56 54 45
. T -; S . STY 0.31. 047  0.49 - (.48 - 0.47 .39
6-9 10 450 045 10 Yield: 45 42 - 26 v . S : -
A | | _ STY 0,80 074 046 .
6-10 14 470 0.44 6 Yield = 50 53 44 33 24
I - T STY 087 092 .76 0. 57 .42
6-11 . 16 450 0.63 0 Yield -~ 25 . 14 . .. . . -
| o STY _um 035 L |
6-12 20 430 0.3t 6 Yield 46 45 ' 43 40 T 37 35
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| ‘ Table 5-continued
Yield (% )
and STY
(mol/kg.hr) Reaction Time (hr.)
Reaction Reaction H.,O/ of 2.4.6- '
Example Pressure Temp. WHSVY PhOH Trimethyl-
No. (atm.) (°C.)  (1/hr) (mol ratio): - phenol 1-3 3.6 6-15  15-24 24-34 " 34:44
STY ~ 1.33 131 125 1.6 1.08 1.02
- The blue or green-colored catalyst was titrated with a
EXAMPLE 7 . 5 Y -

The signiﬁc’:dnce of reaction pressure and addition of
water 1s again demonstrated in this Example, usmg
phenol and methanol as the ~3tart1ng material.

The experiments were run in the identical manner
with Example 6, and the reaction condltlons and results
were as given in Table 6. B

The catalyst used was a commercial magnesia in the

15

form of each 3-mm diameter and 3-mm thick tablets, 20

having a specific surface area of 20 m?g, pore size
distribution pore radius of 50 — 140 A, pore volume of
0.16 cc/g, and an acid-base strength (pKa) of 4.8 -
17.2.

0.1-N refined benzene solution of benzoic acid until its
color changed to yellow, consuming approximately 3
days, and from the result the amount of benzoic acid
required for the titration per gram of the catalyst was
calculated, which was expressed as the basicity by the
unit of mmol/g. Therefore, the basicity denotes the
amount of base on the catalyst surface per gram
thereof, said catalyst having a pKa of at least 7.1

Measurement of acidity.

Using Neutral Red as the indicator instead of Brom-
thimol Blue, the red-colored catalyst was titrated with a |
0.1-N refined benzene solution of n-butylamine until its

Table 6
Yield (%)
~and STY |
. (mol/kg.hr) Reaction Time (hr.)
Reaction Reaction H,O/ - of 2,4,6- - | |
Example Pressure Temp. WHSV PhOH - Trimethyl- S o
No. {atm.) (°C.) (1/hr)  (mol ratio) phenol 1-3 3-6. 6-15 15-24 24-34
-1 - 0 450 0.1] 0 Yield S8 63 - - 62 58 58
- | STY 0. ”5 0.27 0.26 0.25 .23
726 470 0.11 6 Yield 65 65 54 43 40
. | - T STY 0.28  0.28 0.23 - 0.18 0.17
7-3 10 47() - 0.21 6 - Yield - 63 67 63 - 6l 49
| o | - STY 0.52 0. 55 (.52 0.50 0.40
7-4 12 45() 0.21 - 6 Yield 67 69 62 59 52
B | S -~ STY 0.55 0.57 0.51 0.48 0:43
7-5 20 450 0.52 6 Yield 36 27 - 10 6.8
STY 0.73 0.55 . 0.20 0.14
EXAMPLE 8 -

The correlation of acid-base strength basmty, and
ac:dlty of catalyst with the catalyst’s activity is exam-
ined in this Example.

Measurement of acid-base strength:

The catalyst was treated in an electric oven for an
hour at 450°C. in air under normal pressure, immedi-
ately transferred into a desiccator containing silica gel

45

50

as a drying agent, and allowed to cool off to room -

temperature. Approximately 0.1 to 0.15 g of the cata-

~lyst was thrown into 5 cc of refined benzene, and pul-

verized in situ with a glass rod. Into the system 4 drops
of a 0.1 wt. % refined benzene solution of the specified
indicator was added and shaken. After 40 hours of
subsequent standing, the color change in the catalyst
was judged with naked eye, to determine the acid- base
| strength |

‘Measurement of basicity

Similarly to the measurement of acid-base strength,

55

60

the catalyst was heated at 450°C. for an hour, and 0.1

— 15 g of the catalyst was precisely measured with a
micro-chemical balance. The catalyst was pulverized in

5 cc of refined benzene, into which 4 drops of a 0.1 wt.

65

color changed to yellow, in the manner similar to the
basicity measurement. Thus the amount of n-butyla-
mine required for the titration was determined and
expressed by the unit of mmol/g as the acidity. There-
fore, the acidity refers to the amount of acid on the

‘surface of 1 g of the catalyst having a pKa of no higher

than 6.8.

The color change of employed indicators and pKa

Color Change

Indicator Point (pKa) Neutrality =~ Basicity
4-Chloroaniline 26.5 blank pink
“4-Nitroaniline 18.4 yellow ~ yellowish

| S . - ~ orange
4-Chloro-2-nitro- 172 ~yellow -orange

~ aniline o | , |

- 24- dinitroaniline 15,0 yeliow purple
Bromthymol Blue 7.1 - yellow -~ - blue
. Culor Chdnge | . .
Indicator - Point (pKa) -~ Acidity = Neutrality
Neutral Red - 6.8 red yellow
Methyl Red | 4.8 ~red . yellow
Dimethyl Yellow 3.3 - red yellow
Benzene azodiphenyl- 1.5 violet yellow
amine | o | S |
Dicinnamalacetone ~3.0 red . yellow

% refined benzene qolutlon of Bromthymol Blue as the

| mdlcator were added
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The following literatures were referred to for the::: -

measurement of acid-base strength, acidity and basic-

ty:
(Concerning aeidi'ty)

O. Johnson, J.'Phys. Chem. 59, 827 (1955)
C. Walling, J. Am. Chem. Soc. 72, 1164 (1950)
H. A. Benesi, J. Am. Chem: Soc. 78, 5490 (1956) -

(Coneermng baucnty)

S.T. Malmoqul and S?e:fepanska, ermal of (,atah-._

sis, 4, 324 331 (1965)

Jun ichiro Take. Nobuji . Klkuchl & Yuklo Yoneda

Journal of Catalysis, 21, 164 - 170 (1971).
R Stewart & J. P. O’'Donnell, J. Am. Chem. Soc. 84
493 (1962) Can. J. Chem 42, 1681 (1964)

Preparation of Cata]y%t

The eatalyst of Example 8-1:

Into a solution formed of 218 g (5.45 mols) of so-
dium hydroxide dissolved in 5 liters of water which was
maintained at 50° — 60°C., another solution of 636 g
(2.48 mols) of magnemum mtrate (Mg(NO;) . 6H20) in
4 liters of water was dropped under stirring, oomummg

approximately an hour. The precipitate of magnesium -

hydroxide whereupon formed was separated by filtra-
tion after the system was allowed to stand for an over-
night. The precipitate was again dispersed in 5 liters of

water and filtered. After repeating the dispersion-filtra-

tion procedure three times, the precipitate was dried

for a night at 100° - 120°C., and pressure-molded into

to dryness under thorough stirring, and further dried
~ for an overnight at 100° - 120°C. The subsequently

pressure molded catalyst was calcined for 3 hours at

The catalyst of . Example 8-7:.
One-hundred (100) g of magnesmm ox1de powder

~ was violently mixed with 800 ml of water for 20 min-

1O

15

20

25
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tablets of each 6 mm 1n dlameter and 5 mm in thick-
ness, similarly to Example 1. The tablets were calcined -

in an electric oven in the normal atmosphere, for 3

hours at 550°C.
The catalyst of Example 8—-2

35

The catalyst of above Example 8-1 was further cal-

cined for additional 6 hours at 600°C.

The catalyst of Example 8-3:

Similarly to Example I, magnesium oxide was con-
verted to magnesium hydroxide, which was pressure-
molded again mmﬂarly to Example l
treatment was given. | ’

The catalyqt of Example 8—4:

The tablets of magnesmm hydroxlde of Example 8 3
were calcined for an hour at 800°C. |

The catalyst of Example 8-5: -

‘"The magnesium hydroxide tablets’ of Example 8-3
were calcined for 3 hours at 600°C., and further for an
hour at 1,000°C. :

The catalyst of Example 8—6

One-hundred (100)g of magnesium oxide powder

was violently mixed with 800 ml of an aqueous solution -
containing | g of sodium hydroxide, so that the greatest .

part of the magnesium oxide was converted to magne- .
sium hydro}clde Then the suspension was evaporated

No calcining

40

45

50
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utes so that the greatest part of the magnesium oxide
was converted to magnesium hydroxide. Then 50 g of
20 wt. % silica mol was added to the system followed by
20 minutes’ violent stirring. The system was subse-
quently filtered. Thus recovered solid was dried at 100°
~ 120°C. for an overnight, pressure-molded, and cal-

cined at 550°C. for 3 hours. Thus obtained catalyst had

such a eomposmon that the silica (510;) content was
10 wt % to the magnesium oxide (weight ratio: 0.10).
The catalyst of Example 8-8: L |
‘A catalyst was prepared. from 50 g of magnesmm
oxlde powder and 250 g of 20 wt. % silica sol, in the
manner similar to Example 8-7. The composition of
the catalyst was such that the silica (S10,) content was
50 wt % to the magnesium oxide (weight ratio: 1.0).. .
The catalyst of Example 8-9: |
A catalyst was prepared from 50 g of magnesmm
oxide powder and 500 g of 10 wt % alumina sol, in the
manner similar to Example 8-7. The composition of
the catalyst was such that the alumina (Al,O,) content

to the magnesmm oxlde was 50 Wt. % (welght ratio:

1.0)..

" The results of measuring the acid-base strength basic-
ity and acidity of the foregoing catalysts were as given
in Table 7. -

The foregoing catalysts were used in the reaction
according to the invention with the results as shown in
Table 8 below. In all runs, the reaction temperature
was 450°C., WHSV was 0.11 l/hr and the mol ratio of
methanol to phenol was 3.0.

From Tables 7 and 8, it can be seen that in Examples

8-1 and 8-3 wherein the base strength of 26.5 (pKa)

was observed, decomposition of reaction product took

place and presence of phenol and methylated phenol
‘was hardly traceable in the system.

‘The strong base strength dlsappeared Upon calcmmg

‘the catalyst, and the catalyst was gwen an approprlate .

catalytic ability.

With the catalyst in which the acidity is higher com-
pared with the basicity (that having a small k in Table
7), side- productlon of meta-methylated phenols, such

_as 2,3,6- -trimethylphenol, 2,5,6-trimethylphenol, 3,4,6-

trimethylphenol, and 2,3,4,6-tetramethylphenol, in-
creases. Such a catalyst having the high acidity was.
obtamed when the calcining temperature of the magne-
sium oxide catalyst was-excessively high, or when an
- additive or additives which impart acidity to magne-

sium oxide were contamed mn the catalyst B

"“Table 7
Method of ‘Calcinating Acid and Base Strength (pKa) B A K S vV  r
Ex. Preparation conditions o o
No Or CoOmpo- °C. ihr. 265 184 17.2 150 7.1 4.8 3.3 1.5 30 - m ‘m - m3/g cc/g A
o ' DU -- - . molg mollg - |
sition o - S SR
Magnesium 550 30 O O. O 0 A X X X 1.28 O 100 67 0.55 99
-1 hydroxide = I o | | I
 obtained S R -
8-2 from mag- 550 3 X O O O . 0 A X 50X X — — — 53 = —
" nesium nit: © 0 600 6 - “ | R | |
rate and |
sodium

hydroxide
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- - Table 7-continued ~ | - |
- Method of Calcinating . Acid and Base Strength (pKa) | B A K S v

Ex. Preparation- conditions - o - | | |

No. or compo- °C. hr. 26.5 184 172 150 "7:1"""48 33 15 30 m m m*/g  cclg A

. __ - o P Ao+ i i mol/g - mollg S L
sition N e Co " |

~+ Magnesium  Calcina: O -0 0O 0 0" 0 O: X X - 137 0.14 91 116 — e

8-3 hydroxide Stng . s |

| ?btuinet_i | 600 '3 X X X 0 0 A X X X .80 020 90 75 - —

R-4 magnesium- K00 ::3 X X - X X, 0 O A X X 017 020" 46 24 " —
oxide and L U S L .: , o | | | , |

8-5 water | - 630 3 X X X X 00 0O "X X 00t 0.18 - 38 [ 0.67 1180
NaOH/MgO | | | _,

g8-6 0.01 - 550 3 X A O O O A X X X 1.0 0O 100 92 — —
(wt. ratio) SR A | " -

. 510,/MgO . S S . | . o o _ __

g-7 0.10 550) 3 X X - A O 0 O O X X 030  0.28 52 130 — —
(wt. ratio) | - - I o |
Si0,/MgO S ST R

g8-& 1.0 550 3 X X A O O O 0 O X 0 0.67 O 166 — —
(wt. ratio) DR
ALO./MgO | L | ol |

8-9 1.0 35{() I3 X -+ X X X 0 O 0 O X 0 - 0.70 — e

(wt. ratio)
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The ac:d and base strengths are mdlcated by the
pKa’s corresponding to those of the.indicators, O de-
noting that the color change was observed, A, judgment

of color change was difficult, and X, no color change

was recognized.

B stands for basicity.

A stands for acidity.

k is calculated as B/A+B: X 100

S denotes specific surface area.:

V shows the volume of pores havmg the radii of 16 —
4400 A. | |

r shows the average pore radius of the pores having
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dispersed 1n 5 hterfs of water dnd ﬁltered Repeating the
dispersion filtration procedures three times, the precip-
itate was dried at 100° - 120°C. for a night, and then
pressure-molded into the tablets of each 6 mm in diam-
eter and 5 mm in thickness, under a pressure of 5 —- 6
t/cm?. The tablets were calcined in an electric oven in

the normal atmosphere, at 550°C. for 3 hours.

- Example 9-2
- Commercial magnesium hydrox1de was pressure-

‘molded mmnlarly to above Example 9-1, and the tablets

were calcined in an electric oven at 400"C for 3 hours.
Example 9-3:

35
the radii mngmg from 16 to 4400 A Commerc:al magnesium oxide tablets were used.
Table 8.
Yield During 0 - 6 Hnurs of Reaction (%) Ylelds Durlng 6 24 Hours of Reaction (%)

2.3,6-, | 2,3.6-,

2.5,6, 2,56,

and and

24,6 - 3.4.,6- 2,3,4,6- 2,46-  3.4.6- 2,3,4.6-
| ~Tri- Tri- Tetra- Tri- Tri- Tetra-
Ex. Phe- 24- - 2,6- methyl- .~ methyl- methyl- Phe- 2.4- 2,6- methyl-  methyl- methyl-
No. nol Xylenol Xylenol phenol  phenol ‘phenol nol Xylenol Xylenul ~ phenol phenol ~  phenol
8-1 O O O O O ' 0 O O 0o O o O
8-2 O 2.0 9.1 27 0.8 0.2 o 1.2 22 35 0.4 0.1
8-3 O O O 2.0 O 0O 0.t O ° 0.5. 67 0.8 2.5
l O .6 3.5 76 1.3 2.6 - QO 0.5 3.0 83 1.1~ 20
8-4 O 3.9 22 45 2.5 5.4 0 O 17 32 1.8 1 44
85 O 7.0 41 20) 1.6 - 0.7 55 18 - 43 - 13 0.4 0.3
8-6 O 0.2 4.3 78 1.8 0.9 O 0.7 14 71 (.8 0.2
8-7 O O 0.8 36 3.4 15 0o O 1.8 o 49 4.1 16
8-8 07 O 34 3.9 16 3.6 02 O | 69 9.7 13 5.8
89 08 O 2.4 3.2 12 3.2 0.2 O | 4 2 12 i1 9.6
EXAMPLE 9 Example 9-4

This Example demonstrates the correlation of '_por'e
size distribution in the catalyst with catalytic activity.

Preparation of catalyst
Example 9-1:

into which 1.5 liters of another aqueous solution.con-
taining 636 g of magnesium nitrate [Mg(NQO;),.6H,0]
(2.48 mols) was dropped under stirring at room tem-

tem was allowed to stand at room temperature for a

The magnesium hydrox1de obtained from magnesium

-foxnde powder and water similarly to Example 1 was

'pressure-molded into tablets, and calcmed at 550°C.
- for 6 hours: - |

. | 607;'
- 3.5 Liters of an aqueous solution was formed by*
adding water to 452 g of 28% aqueous dmmomd ancl.

Example 9-5:
‘The magnesium oxide tablets having a specific sur-
face area of 64 m*/g and a pore volume of 0.57 cc/g

~ (pore size distribution: 20 - 200 A) were calcined at

65
perature, consuming approximately one hour. The SYS- "

night, and then filtered. The separated:precipitate- was

600°C. for 40 hours In an- electrlc oven.

Example 9-6:
The same magnemum hydr0x1de tdblets as employed

In Example 8—3 were calcmed at 700°C. for 6 hours in
an electric oven. |

- Example 9-7:
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~ According to the conventional practice, the interre-
~ lation of pore radius (r) and pore volume (V) were
‘~determined, first from the correlation of the pressure
with pore volume, and then from that of the pressure
with pore radius. The results were as shown in Tdble 9
below. |
o In Examplea 9-6 and 9-7, and 8——5 pores havmg the
radii greater than 4400 A were present, but the mea-
sured values shown are those as to the pores having the
“radii within the range of 16 - 4400 A. This statement
“also. applies to the given leues of pore volume and
average pore radius.

23
The same magnesium hydroxide tablets as formed 1n -
Example 8-3 were calcined at 800°C for 6 hours In an

electric oven.
Example 8-5: | |
As already specified, the magnesium hydroxide tdb- S
lets of Example 8-3 were calcined at 600°C. for 3 ..

hours, and then at 1,000°C. for an hour 1n an electric
oven.

Measurement of pore size distribution 10

The pore sizes were measured by mercury porosity
measurement, using a “‘Porosimeter” No. 5 - 7125B
(60,000 psi) (product of AMINCO) according to the
itself accepted practice. The pore radit were measured
down to 16 A, pores of less sizes being excluded from FS
the calculation of pore stze distribution.

Measurement of specific surface area

The %pemﬁ surface area of the catalyst was mea-
sured in accordance with an improved BET method,
using Perkin-Eisner Shell Model 212D Sorptometer.

Table 9

Pl L R i ekl -

Porc Fxample 9-1 Example 9-2 - - Example 9-3 - Example 9-4 Example 9-5
Radius - - -
(r} \Y dv 'V - dV \VA dVv AV dv \Y% dv
A (celg)  (ec/g) (ce/g) (cc/g) (celg) (ccl/g) (ccl/g) (ccl/g) (cel/g) (ce/g)
6 - 0 0 0. - . 0102 0- - 0 0 . 0,030
25 0 002 0102 0.062 0 0 0.030 0.075
35 0.02 0.08 0164 °  0.0018 0 0 0,105 0.050
o454 011 0.08 . 0.182: . 0.013 O .::0 0006 - 0185 - 0.035 L
55 .19 - 0.07 0.195 0.007 0.006.- 0034 0.190  0.035 0 00.006
65 0.26 0.035 ° 0202  0.015 0.040 0.033 0.225 0.035° 0.006 0.022
75 7 0.295 0.013° - 0217 7 0.007 0.073 (0.030 0.260) 0.040 (0.028 0.027
RS L 0308 0 0.005 0.224  0.028  0.103 ).028 0.300 0.040 . 0.055 :  0.035
95 - 0.313 0.003 ().252 0.018 0.131 0.014 0.340 0.042 . 0.090 0.048
105 0.316 0.007 0270 0.040 ().145 0.012 (0.382 0.035 0.138 0.092
115 0.323 . 0.007 0.310 - 0.057 0.157 0.006 0.417 0.028  0.230° 0.095
125 . - 0330 .0 0.367 - 0.020 0.163 () {mz (0.445- 1L.O16 0.335 0.075
135 0.330 0 0.387  0.013 0.165. 0 . 0461 0.017 0.410  0.035
145 0).330 0 0400 0 0,014 0.165 0 - 0.478 (0.012 ().445 0.017
155 0330 0 0414 - 0.008 ).165 0 . 0.490 0.010 0.462 0.013
165 (0.330 0 (0.422 0006 0165 0. .. 0500, 0.005 (0.475 . 0.01]
175 0.330 0 0.428  0.004 0.165 0 0.505  0.005 0.48  0.009
‘185 0.330 0.432 ° 0.003 0.165 ) 0.510 “ ~ 0.006 ~ 0.495  0.005 .
195 ().435 0 . 0165 - 0.516 0.004 0.500 0.005
205 0.435 - O o 0).520 0.005 0505 . 0.005
215 0435 0 0.525  0.003  0.510. 0.002
225 0.435 0.528  0.004 * 0.512 0.002
235 0.532 0.003 0.514 - 0.00]
245 0.535 [ 0.515 0.001
255 " 0.535 0 0.516 0.001
265 - 0.535 0 0.517 0.001-
275 05835 .0 0.518 0.001
285 . 0.535 0 3.518 0
295 0.535 | 0.518 0
305 0.518 0
Pore - Example 9-6 Example 9-7. Example 8-5
Radius | _' |
(r) v . dV AR dV. \VE dv'
A (cc/g) (ce/g) (ce/g) (cel/g) (ce/g) (cc/g)
5() 0 0.088 0 0.030 0 0
[50) 0088 0.292 0.030 0.020 (0 0
25() (.380 0117 0.050 0.108 0 0
350 .497 0.027 0.158 ).242 0 . 0010
450 0.524 1L.019 0.400 0.122 0.010 0.033
550 ().545 0.018 (.522 (0.037 0.043 0.069
650 .563 0.015 0.559 0.011 0.112 0.103
750 ().578 0.012 0.568 0.013  0.215 0.052
850 - - 0590  0.010° - 0.581 - 0.020 0.267 0.039
950 0 0.600.  0.010 0.601. 0,011 0.306 . 0.044. - -
1050 0.610 0,008 0.612 (.005 0.350 - 0.045
1150 0618  0.007 (0617 “(3.003 (0.395 = 0.055
1250 ).625 0.007- = 0.620  0.008 0.450 0.065
1350 0.632  0.005  0.628 . 0.015 - 0515 0037
1450 0.637  0.005 0.643 0.010 ().552 0.013 .
.. 1550 - 70.642 7 0.006 0.653  0.007 .565  0.010
1650 0,648 - 0.004 0.660. . 0.009  0.575° . 0.005
1750 0.652 - 0,004 0.669 0.004 . 0.580 . . . 0.008
1850 0.656 - 0.004 0.673 0.003 0.588 0.007 |
1950 0.660 - 0.015 0.026 ~ 0.026 - 0.595 - 0.028
2400 0.675 0.010 - 0.702: .. -0.033 - 0.623 .- 0.022-
2800 0.685  0.008 0.735 . 0.013 = 0.645  0.012
3200 - 0.693° . 0.007 0.748 0).002 0.657°  0.008
3600 - 0.700 0.005 0.750 ° 0.008 - - 0.665 - 0L005
4000 ().705 0.009 . 0.758 0.002  0.670 .. 0.004
4400 0.714 | 0.67

U. 76{1




3,968,172

25 26
Table 9-continued
The average pore radius (r) was calculated by the " Table 11
equation below: | | B
Pore Example 10-1 Example 9-4
radius |
< - - y(A) V {cc/g) dV (cc/g) V (ce/g)  dV (ce/g)
r= f ri){r) driVg, D(ry= , : . * ' —
20 ", 10 16 0 0.004 0 0.030
25 0.004 0.163 0:030 0.230
< 75 0.167 - 0.051 0.260 0.185
Va=Ff  D(r)dr 125 0.218 - 0.069 0.445 0.060
20 175 0.287 0.097 0.505 0.023
| | | | 225 . 0.384 0.041 0.528 0.007
(As to Examples 9-6. 9-7, and 8-5, r = 20 — 4400 A4) 275 0.525 0.365 0.535 (
i | (s 500 0.890 0.096 0.535
. 1000 0.986 0.050 0.535
The specific surface area, pore volume, pore size S0 Toay ol 0
distribution, and average pore radius of the catalyst in - 2500 1.050 0 0.535
each run and the results of reaction were as shown in 3000 1050 0 0.535
Table 10 | | 3500 1.050 0 0.535
_ _ _ _ | 50 4000 1.050 0 (.535
The reaction was performed in the identical manner 4400 - 1.050 0.535

with Example 1, using 40 g of catalyst. The reaction
conditions were, in all runs, as follows: the mol ratio of

methanol to phenol, 5.0% WHSV 0.11 l/hr and the
reaction temperature, 450°C.

The pore vplumeé and average pore radn of the cata-
lyst of Examples 10-1 and 9—4 are shown in Table 12

Table 10
B - Yield (%) -
Specific Pore Size Average Un- 2.4.,6-
Calcining - Surface - Pore Distri- Pore Reaction reacted - Tri-
Examplc Condition ~Area - Volume bution Radius Time phenol O- 2,6- methyl-
No. (°C.) hr. (m?/g) (cclg) (A)_ (A) (hr) (%) Cresol Xylenol phenol
9-1 550 3 78 0.33 . 30-120 54 0-6 0 0 3.0 75
| 6-24 0 0 6.1 80
24-30 | | |
9-2 400 3 107 0.43 ° 20-290 76 0-6 0 0.5 2.1 - 72
| | : 6-24 0 (.6 7.7 75
9-3 20) 0.16 50-140 80 0-6 0 0:3 10 58
| - 624 0 0.2 22 60
9-4 550 6 69 0.53 20-250 85 0-6 0 0. 2.1 78
- 6-24 0 0 5.2 82
9-5 600 40 44 0.51 60-290 132 0-6 0 0.5 6.3 78
| | - 6-24 0 0.6 9.4 76
9-6 700 6 25 0.71 100-4400 571 0-6 0 0.5 14 54
- = 6-24 0 1.8 18 50
9-7 800 6 13 0.76 180-2100 775 0-6 0.1 0.1 15 47
6-24 0.2 0.3 25 36
| | : 0.5 1.5 29 33
8-5 600 3 1 0.67 300-4400 1180 0-6 1.3 7.0 41 20)
1000 1 | | 6-24 5.5 18 43 13
EXAMPLE 10
This Example is to show the correlation of the prepa-
ration method of the catalyst with its specific surface 5, below:
area, break-down strength, and catalytic activity. Table 12
EXAMPLE 10-1 | ~ Pore Volume
| . ‘Pores of Pores of Average
The catalyst not pressure-molded Pore Size Radii ‘Radii Pore
Example Distribution = 20.- 225A 20 - 4400A  Radius
The same magnesium hydr0x1de as used in Example 33 No. (radius, A) (cc/g) (cc/g) (A)
9-4 was crushed, and the grains of 5 — 9 mesl; were 101 20- 2500 038 105 443
collected by sieving, which were calcined at 550°C. for 9-4 . 20-250 0.52° . 0.53 85
6 hours, in the manner similar to Example 9-4. ) T —
The catalyst so prepared was extremely weak, and o S |
60 From the results of above Table 12 and later given

- must be handled very gently when packed mto the
reactor. | |

" The specific surface area, break-dow_n strength, and
the results of reaction using the same catalyst were as
shown in Table 13, and the pore size distribution in the
~catalyst was as shown in Table 11. In both Tables the
equivalent properties of the pressure-molded catalyst
and the reaction results of Example 9-4 are given by
way of comparison. ' '

65

Table 13, it can be understood that the catalyst not
pressure-molded has a large specific surface area and
pore volume compared with the pressure-molded cata-
lyst of Example 94, but has a small pore volume as to
the pores of small radii. The catalyst not pressure-
molded furthermore shows a low mechanical strength
unprdctrc al for any industrial use, and also rapid deteri-
oration In catalytic activity.
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Example 10-2

This Example concerns a magnesium oxide catalyst
obtained by calcining a basic magnesium carbonate,

28
EXAMPLE 11

In this Example, various additives were added to
mdgnemum oxide to be used as the catalyst for the

which may be formed, for example, through the reac- 5 subject process.
tion of a magnesium salt, say, magnesium nitrate, with The catalyst was prepared as follows: -
a carbonate, e.g., sodium carbonate.
A basic magnesium carbonate powder was pressure- IMPREGNATION METHOD |
molded into the tablets of 6 mm in diameter and Smm A mixture of magnesium oxide powder with water
10 was stirred violently to form a gelled magnesium hy-

In thickness, and calcmed at 550°C. for 3 hours in an
electric oven. -_
Thus obtained. catalyst had an extremely low me-
chanical strength, and special care must be taken in the
handling thereof when it was packed in the reactor.

The specific surface area and break-down strength of 13

the catalyst, as well as the results of reaction using the
same catalyst, were as shown in Table 13.

EXAMPLE 10-3

Similarly to Example |, magnesium oxide powder
was violently mixed with water to be converted to mag-
nesium hydroxide, which was pressure-molded into the
tablets of 6 mm in diameter and 5 mm in thickness, and
calcined in-an electric oven at 450°C. for 6 hours.

'The spectfic surface area and break-down strength of
the catalyst were as given in Table 13 together with the
results of reaction using the same catalyst.

EXAMPLE 104

The same tdblets of mdgneqmm hydrc-mde as formed
in Example 10-3 were calemed In an electric oven at
600°C. for 6 hours. |

The specific surface area and break-down strength of
the catalyst were as given in Table 13 together with the
results of the reaction using the same catalyst.

Table 13

2()

23

3()

35

droxide. An aqueous solution of the additive was added
thereto, and water was evaporated under thorough
agitation, leaving a dry system, which was subsequently
“dried for ‘an overnight in a dryer of 100° — 120°C. The
solid was pressure-molded into the tablets of each
6-mm in diameter and 5-mm in thickness, under a pres-
sure of 5 — 6 t/cm? The tablets were smtered In an’
electric oven at 550°C. for 3-hours.

Note that B 302 in Example 11-26 was formed from
B(OH);, ‘V,0Os In Example 11-39, from ammonium
vanadate, and WOj; in Example 11-40, from ammo--
nium p-tungstate. Incidentally, a part or the most of the
NaOH employed in Examples 11-1, and 2, was presum-
ably converted in Na,COy during the catalyst prepara-
tion.

Blending method

‘A mixture of magnesium oxide powder and water was

violently stirred to form gelled magnesium hydroxide,

to which then the additive was added and again stirred
violently. Filtering the system, the recovered solid was
washed with water, dried for an overnight in a dryer of
100° — 120°C., pressure-molded similarly to the tablet
formation 1n the dipping method, and calcined for 3

hours at 550°C

Specific Surface |
Break-down Reaction

Yield (%)

| Arca (m*/g)

Example - Before After  Strength Time 2,6- 2.4,6-Tri-
No. Rcaction Reaction  (kg/cm?) (hr.) Xylenol methylphenol
10-1 100 - 65 - 0.1 - 0-6 5.5 72

| o or below 6-24 10 76
| - . 5472 30 52
- 94 6 61 0.9 0-6 2.1 . 18
| | 6-24 . 5.2 82
| - 54-72 . 9.3 76

- 10-2 112 59 0.1 0-6 1.8 76

o 6-24 4.3 $0
54-72 17 66

10-3 153 60 . 1.3 0-6 2.8 69
| | | 6-24 - 3.6 78 -

| | 54-72 14 - 70

10-4. 60 58 1.0 0-6 2.3 80)
- - 6~-24 4.2 83
54-72 0 77

. -

- Note that ZnO CaO SrO BaO Ce;.Og, SnO PbO,
55 and FeZO-;, which were mixed with magnesium oxide,

were the precipitates formed upon adding aqueous

ammonia to the aqueous solution of nitrates of the

In Table 13, the “specific surface area before the
reaction’” means that of the catalyst before it was used

after it was used for 72 hours in the reaetlen

. named metals. Also TlOg, 210, .and U03 were the

in the methy[atlon reaction, and that ‘“‘after the reac- 60

tion” means the specific surface area of the catalyst

The ““break-down strength” is the pressttre_ at "which;'“"
the catalyst tablet was broken, when the pressure was

applied from the side of the tablet, i.e.; in the direction

65

perpendicular to that of the moldmg pressure. Ten

tablets were selected at random as the test qpecrmen '-
and the average break-down strength was taken.

prec1p1tates formed upon addition of aqueous ammonia

) to the ‘aqueous solutions' of, respectively, TiOSO,,

ZrO(NOj),, and UO,(NOy),. The CaCO-; and BaCOx;

were the precnpltates fermed upon mixing ammonium
carbonate with the aqueous solutions of, respectively
Ca( NOg)g and Ba(NO,),. The CaSO4 and BaSO, were
the prec1p1tates formed upon mlxmg ammonium sulfate
with the aqueous solutions of, respeetwely, Ca(NO.,),
and Bﬂ(NOg)g The Cas(PO,)., Mgy( PO.;),;, AlPO, and

FePO, were formed by mixing aqueous solutions of
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mtrates of the respective metals, i.e., Ca, Mg, Al, and . .

Fe, with an aqueous solution of dlammomum hy-
drogenphosphate, and adjusting the pH to each prede-
termined value. The tertiary salts whereupon precipi-

30

similar to Example 1. The resultb were as shown in

- Table 14.

From'the same Table it can be understood that when
basic compounds were added to the magnesium oxide

60 (24)

tated were recovered and mixed with the magnesium 5 catalyst, side-formation of meta-methylated phenols
hydroxide. The borates such as CaB,O,, Al,B,Oy, and such as 2,3,6-trimethyiphenol, 2,3,5-trimethylphenol,
MnB,O; were those commercially available, which = 2,4,5-trimethylphenyl, and 2,3;4,6-tetramethylphenol
were finely divided and mixed with slurry-formed mag- - -~ was advantageously reduced. Particularly the addition
nesium hydroxide under violent agitation. The SiO, was of sodium hydroxide in Example ! 1-2, sodium carbon-
a 20 wt % (as SiO,) silica sol, and Al,O; was a 10 wt % 10 ate in Example 11-3, dibasic sodium phosphate in Ex-
(as Al,Oy) alumina sol. ample 11-4, sodium borate in Example 11-7, water
Precinitati thod glass in Example 11-8, and sodium aluminate in Exam-
recipriation metho ple 11-9, was effective to reduce the formation of
To a mixed aqueous solution of nitrate of the metal to meta-methylated phenols, and to maintain the high
be added and magnesium’ nitfate, aqueous ammonia !5 activity and prolong the lift of the catalyst.
was added, and the formed prempltate was washed with Also the boron compoundq and phosphates contnb- |
water, filtered, and dried in a dryer at 100° - 120°C.  uted to increase the mechanical strength of the cata-
Thus obtained solid was pressure-molded into the tab- lyst. Particularly when boron oxide and borates of man-
lets similarly to the case of dipping method The tab]ets ganese, aluminum, sodium and calcium as shown in the
were calcined at 550°C. for 3 hours. 20 Examples were added, the increase in the catalyst’s
“The reaction was performed at 450°C. under atmo- mechamcal strength was consplcuou&,
spheric pressure, at the WHSV of 0.11 1 /hr, and at the
methanol to- phenol mol ratlo of 5 O m the manner
| Table 14
Specific Yield
Surfﬂﬂﬁ 213!6"1
. : . 2,3,5:,
o - Area (m%/g) and
Wt. Method After Re- | 2.,4,5-, 2,4,6- 2.3,4,6-
- Ratio of | | Reaction  co- o- - 24- 2,6- Tri- Tri- Tetra-
of Addi- Catalybt - Before (reac- vered Cre- Xy- Xy- methyl- methyl- methyl-
Example tive to Pre- Re-  tion phenol  sol ienol lenol phenols phenol - phenol
No. Additive MgO pdrdtmn. action time/hr.) (%) (%) (%) (%) (%) (%) (%)
11-1 ~ NaOH 0.001 impreg- 73 49(48) 0 05 635 6.2 0.8 73 10
| nation S |
11-2° NaOH o.or " 93 54 (48) 0 02 3.0 4.3 1.8 78 0.9
11-:3  Na,CO, 0.025 & 66 60 (78) 0 1.0 3.1 8.3 08 74 0.2
11-4  Na,HPO, 0.05 " 57 50(126) 0 .0 0.4 . 0.6 83 0.5
11-5  Nu,SO, 0.05 " 45 36 (24) 0 0 0.8 7.1 0.3 70 05
11-6  NaCl 0.05 Y. 25 2530y 0 0 0.3 23 07 61 0.7
11-7  Na,B,0; 0.03 '’ 63 54(72) 0 09 3.7 5.1 1.1 79 0.6
11-8  Na,0-3Si0, 0.03 v 69 61 (72) 0 0 0.4 20 04 81 08
11-9  NaAlO, 0.0t o 77 64 (78) 0. 0 L5 2.9 1.0 80 0.5
11-10  NaBiO, 0.02 '’ 67  S57(48) 0 0O 0% 75 06 74 0.3
11-11  Li,CO;, 10.025 '’ 49 43 (24) 0 0. 1.6 119 0.6 - 68 0.6
11-12 K,CO, 0.025 ~ " S0 43(24) 0 0 58  13.0 0.2 . 67 trace
11-13  Mgy(PO,), Blending 63 55(78) 0 0 0.8 8.2 1.0 77 1.1
11-14  MgSO, 0.03 Impreg- 54 52 (30) 0 0 0.4 130 3.1 58 6.2
nation , | o - S | -
1115 ZnSO, 0.03 - Y6l 0 45430) 0 0 0 05 180 - T LT 61 3.8
11-16 ZnO - 0.03 Blendlng 63 . 50(24).. - O . -0 .. LI 10.3 =~ 09 69 1.3
11-17 - CaO | 0.05 34 33 (24) 0 0O .13 94 04 . - 63 0.4
11-18  Cay(PO,), Tt 6T 58 (78) O 0 " 09 5T 09 7 TR0 1Ly
11-19 CaCO; 003 . 41 39(48) 0 0 0.6 5.3 1.3 69 1.4
11-20  CaSO, 003 " 62 . 57(24) 0 0 0.8 3.6 1.2 78 3.3
11-21 CaB;0; - 0.05 v 54 (24) 0 0 0.3 7.8 . 1.3 65 7.3
11-22  S10 - 0.05 & 55 . 48(24) 0 0 .1 1L.S 10 68 1.5
11-23  BaO 0.05 . " 60 51(48).. 0 ... .0 L5 .79 - - 05 79 0 12
11-24  BaSO, 0.03 58 49(24).; 0 .0 0.7 47 14 78 2.5
11-25  BaCoO, 0:03 - . . 44 4030 07 0 17 88 0.8 79 1.3
11-26 B,O, 0.03 Impreg L 19 71-(24) . 0O 0 06  -21 337 49 . 7.4 -

‘ | o S nation | S | . : D .
11-27  ALO; - 0.03  Blending 75 - 70(24) 0O 0 .09 46 2 13 2.5
11-28 . AIPO, 0.05 " T 72 72(24) 0O 0 .03 4.7 13- 76 8.9
11-29  "Al(SO,),. 0.05  Impreg- 45 43 (24) 0 0 2.2 143 44 o 47 10.2
11-30 _ ALB,O; 0.05- :Blending 68 - 59(78) . 0 IO . L0 026 26 69 83
11-31  Ce,Oy . 0.03 " 42 . 33(4): 0 0" . 07 .- 29.1 1.9, - 48 39 -
11-32° Si0, 0.10 ® 130 128 (24) 0 06 1.4 1.8 41° 7,7 50 701164
11-33  SiO, 0.03 " 98 73748y 0T 0 07 32 2.5 79 2
11-34  SnO 0.03 58 53(24) 0 0. .. .07 5.8 26 - 64 2.9
11-35  PbO 0.03 - " 55 50 (24) . 0 0 3.2 4.0 1.3. 59 . 4.6
11-36 . TiO, 1 0.03 75 62 (48) - 0 0 1.1 3.7 . 21 78 3.2
11-37  ZrO, 0.10 1000 - T0(48) 0.1 0.8 48 42 29 . .58 5.7
11-38 . ZrO, 0.03 19 . 65 (48) 0 0 26 - 28" 1.8 ¢+ 777 2.9
11-39 ~ V,0; '0.03  Impreg- = 57 52 (48) 0 0.7 2.3 4.5 13 0 68 2.0

) | B ENA S Lo o L L A |
11-40 WO, 1 0.03  Precipi- - 123. . 72(48). 0 . 0.-..23- 1.8 - 1.1 79 4.4

tation. | - o | L o

11-41 MnB,O; 0.03 Blending - 93 - . 0 " 0 0.6 12.1 20 - 63 44

11-42  FePO, 0050 60 .59(24) 1.0 . 64 2.7 7.8 ¢ -148 - 48 8.8

F1-43  Fe,(SOy); -0.05 Impreg- 85 57 (24) o . 2.3 10.6 16.5 1.8 . 38 - 1.2
S o - nation o B o - | - __ |

i1-44  NiSO, L 0.05. 0 " 115 0 20 "85 105 0 18 . 82 1.7
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ple 12-1 -wére pulverized and the grains of 20 - 100
mesh were collected, and pressure-molded similarly to

45

Example 12-1. The tablets were calcined at 600°C. for

3 hours.

EXAMPLE 12-3

The magnesium oxide of 20 - 100 mesh in size having
a specific surface area of 73 m?/g, pore volume of 0.56
cc/g, and a pore size distribution of 20 — 200 A, was
pressure-molded similarly to Example 12-1.

'EXAMPLE 12-4

S50

Table 14-continued |
- Specific N ~ Yield
Surface 2,3,6-,
- 2.3.5-,
' Arca (m=/g) and
Wt. Method  After Re- . | 2,4,5-, - 2,4,6- 2.3,4.6-
Ratio of -~ Reaction CoO- O- 2.4- 2.6- Tri- Tri- Tetra-
of Addi- Cuatalyst Before  (reac- vered Cre- - Xy- Xy~ mcthyl- methyl- methyl-
Example tive to Pre- Re-  .tion phenol sol  lenol  lenol phenols phenol phenol
No. Additive MgQO  paration  action  time/hr.) {"PE-} (%) (%) (%) (%) (%) (%)
11-45 U0, 0.03  Blending 53 46(24) . 0 64. 179 714 0.9 53 0.3
11-46  ThO, 0.03 ' 57 43 (24) 0 38 03 100 2.2 61 7.4
EX AMPLE 12 ple 12-9), and calcium borate (Example 12-10). Each
|5 mixture was molded under a pressure of 1 — 1.2 t/cm?,
This Example is to 1Ilustmte the correlation of the crushed, the grams of 20 — 100 mesh 1n size were col-
method of making the catalyst with its break-down  lected, and again pressure-molded in the identical man-
strength. ner with Example 12-1.
EXAMPL E 15 l | The break-down strengths of the foregomg catalysts
- »¢ and some of those prepared in Example 11 were tested
The 20 - 100 mesh magnemum hydroxide obtdmed s:mlldrly to Example 10. The results were as given in
by violently stirring magnesium oxide powder with Table 15.
water was molded into tablets of 6 mm in diameter and The catalysts of Examp]es 12-1- through 10 were
- 3 mm n thickness, under a molding pressure of 5 — 6 used in the methylation of phenol at the reaction tem-
t/cm?®,. The tablets were calcined at 600°C. for 3 hours. 25 perature of 450°C., pressure of 1 atm., WHSV of 0.11
EXAMPLE 122 - |/hr., and the mol ratio of methanol to phenol of 5.0.
. | - - The results of the reaction during 6 to 24 hours’ run
The magnesium hydroxide tablets obtained in Exam- were also given in Table 15.
Table 15
| Break-down Strength Yield (%)
- Wt. Ratio After After 2,4,6-
Exampie | of Additive  Molding  Sintering 2,6- Trimethyl-
No. Additive to MgO (kg/cm®)  (kg/em?®) Xylenol - phenol
12-1 — — 3.0 0.8 48 82
12-2 — — 5.7 2.1 5.1 81
12-3 — — 7.1 o 5.2 81
12-4 — — 8.2 * 5.5 80
12-5 Stearic acid 0.05 17.3 2.6 6.9 76
12-6 . Cay(PO,). 0.05 9.2 * 3.8 81
'12-7  CaHPO, 0.05 9.1 * 3.5 75
. 12-8  MnB,0; 0.05 104 * 5.4 78
129 AlB,O, 0.05 9.9 . 2.1 74
. 12-10  CaB,O; 0.05 8.9 * 6.2 73
k Nnte : In the table, * mark denotes that no t:ulcining treatment was given. |

From the results shown in Table 15, it can be under-
stood that particularly the phosphates and borates are
useful as the assisting agents of molding. =

The catalysts of Examples 12--3, 4, 5, 6, 7, 8, 9 and
10 were those formed by moldmg magnesium oxide,

which were useful as the catalysts as they were.
Whereas, those of Examples 12-1 and 2, and 11-6, 10,

26, 31, 47 and 51 were formed by molding magnesium

335

The same magnesium oxide as employed in Example

12—-3 was pressure-molded under a pressure of 1 - 1.2
t/cm?, crushed, and the grains of 20 — 100 mesh in size
were collected and pressure-molded in the identical
manner with Example 12-1.

EXAMPLES 12-5 through 10

The same magnesium oxide as employed in Example
12-3 was pulverized, and the powder was blended, by
means of a mixer, with respectively stearic acid (Exam-
ple 12-5), calcium tertiary phosphate (Example 12-6),
calcium secondary phosphate (Example 12-7), manga-
nese borate (Example 12-8), aluminum borate (Exam-

hydromde and should preferably be calcined under
appropriate conditions. In the latter cases, the break-
down strength of the catalysts was reduced by the cal-
cining. In order to avoid the breaking down of the

- catalysts during their filling operation into the reactor,
‘the molded catalyst before calcmmg may be packed

- into the reactor, and calcined in situ.

60

- EXAMPLE 13 .
ln the preparation of 2,4,6- trlmethylphenol by con-

) tacting phenol and methanol with catalyst, the catalytic

63

activity gradually decreases. This Example demon-
strates the regeneration of such used catalyst having a
reduced catalytic activity.

The process of this invention was practiced using the
magnesium oxide catalyst prepared by the same
method under identical conditions with those of Exam-
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ple 9-4, in the manner similar to Example 1. T]:lf: mol " Table 16-continued
ratio of methanol to phenol in the starting material was , . e - -
5.0, the reaction temperature was 450°C., the pressure - .Rﬂﬂctiﬁ‘“)ﬂﬂ_‘ﬁ. - 33*“{}?’?{?‘:‘3"}3“3“”1 2,;,6.“@”(%;“;‘
r. c {4 1€ s
was | atmosphere and WHSV was 0.11 1/hr. The cata- e — — '
lyst of which activity was deteriorated after-a prolonged 3 ég “-‘;_‘l"i . 22 - S
use in the.above reaction was left as filled in the reac- Regenerating ~ - -~ - |
tion tube after the reaction ended, and through which Treatment S .
nitrogen gas was passed at 450°C. for an hour to substi- | 22 B ii;. SO 33 . 6
tute the atmosphere. Thereafter air was introduced 120 - 144 56 22
thereinto at a flow rate of 0.10 I/min. (standard state), 10 Regenerating
Treatment
and also water, at a flow rate of 20 g/hr. (the gaseous 0_24 = . . 94 3
composition: O, =3.9 vol %, N, = 15.5 vol %, and H,O 133 ~ ?24 | - ;‘; _}2
= 80.6 vol % ). The catalyst bed was maintained at 480° - W _
- 500°C., and treated for 3.5 hours. Upon the sintering
treatment the black catalyst of reduced activity became 15
. : | 4 iy Y . From the results of Table 16, it can be understood
white. During the treatment, formation of carbon diox-
. that the catalyst shows substantially no reduction in its
1de gas was observed. | |
. . , . activity after 5 repetitive regeneration treatment.
- The foregoing reaction and catalyst’s regeneration
| . | : . . The catalyst thus regenerated 5 times and used in the
were alternatively repeated, with the results as given in
Table 16 Hg total of 36 days’ reaction was regenerated the 6th time
' | under the identical conditions. The catalyst was then
Table 16 withdrawn from the reaction tube and measured of the
Reaction Time 3 4 .6-Trimethylphenol 2.6-Xylenol specific surface area, pore volume, pore size distribu-
(hr.) " Yield (%) Yield (%) tion and average pore rddluq The results Were as fol-
0 - 24 - 74 2 55 lOWs: |
24 - 48 8{) | 6
48 - 72 77 | 10 _
79 _ 96 | 79 . 14 Specific surface area 54 m*¥/g
96 — 120 o 66 (R Pore volume 0.61 cclg
120 — 144 63 () Pore size dthfibU'&iﬂﬂ 30 - 2400 A
Regenerating ' Average pore radius 184 A
Treatment - - | 30
(0 - 24 76 S 2
24 Z 48 78 7 The particulars of the pore size dmtnbutmn were as |
48 - 72 73 12 |
25 " on 65 P in the Table below:
| | | | Table 17
Pore Volume - Pore Volume Pore Volume Pore Volume
Pore Radius V dV Pore Radius V dv-
(A) | (ce/g) (cc/g) (A) (cc/g) {ce/g)
25 0 0.006 325 ).565 0.002
35 0.006 0.008 335 0.567 - 0.002
45 0.014 (.014 345 0.569 0.007
55 - 0.028 0.022 450 0.576 - 0.016 -
65 0.050 0.035 550 0.592 - 0.008
75 0.085 0.050 650 0.600 0.001
85 0.135 0.055 750 0.601 0.002
95 0190 0.053 850 0.603 0.002
05 0.243 0.047 950 0.605 - 0.001
15 0.290 0.048 1050 0.606 0.002
25 0.338 0.037 1400 0.608 0.002
35 0.375 0.027 1800 0.610 0.003
45 0.402 0.036 2200 0.613 0.002
55 - 0.438 0.027 2600 1 0.615 0o
65 0.465 0.023 3000 0.615
75 0.488 0.009 3400 0.615
85 0.497 0.009 |
95 0.508 0.011
205 0.519 . . 0.007
215 0.526 0.009
225 0.535 0,005
235 0.540 0.005
245 0.545 - 0.003
255 0.548 0.004
265 0.552 0.003
275 0.555 0.002
285 0.557 0.003
295 -0.560 0.002
305 0.562 0.004
315 0.564 0.001
96 — 120 60 2] SN
120 - 144 36 24 EXAMPLE 14
Regenerating - |
Trf}ﬂtn‘iﬂt . - . In this Example, the catalyst of reduced activity was
04 _ 48 2 . p 65 regenerated by a calcining treatment in the atmosphere
Rl.’Z{}— 144 57 26 of gaseous mixture of oxygen and nitrogen, while in
egeneratmg- . : ' - .
Troatment E_xz}mple 13 the same object was achieved by the cal-
cining treatment in the presence of water.

() - 24 77 2
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The magnesium oxide catalyst prepared by the same
method under identical conditions as of Example 9-4
was used in the methylation reaction similar to that of
Example 13 under identical conditions. The catdlyst of
which activity was reduced was left as it was in the
reaction tube, and after the reaction was terminated,
nitrogen gas was passed through the reaction tube for
an hour at 80 450°C. to substitute the inside atmo-
sphere. Thereafter a gaseous mixture composed: of air
at a flow rate of .10 l/min., and mtrogen gas at a flow
rate of 0.41 I/min. (both calculated as in the standard
state) (composition of the gas: O, = 3.9 vol. %, and N,
= 96.1 vol %) was introduced into the reaction tube.
Thus the catalyst bed was treated for 3.5 hours while
maintained at 480° - 500°C. -
The results of repedtmg the foregomg methyldtmn
reaction and the catalyst’s regenemtlon were as shown

in Table 18 below. .
Table 18

5

10

15

36
. EXAMPLEIS =
In this Example, the 'catalys‘.t 'oli"-reduced activity was
regenerdted under various conditions:
The magnesium oxide catalyst prepared in the same

manner under identical‘ conditions as of Example 9-4
was used in the methylation reaction under the identi-
cal -conditions: as- of Example 13. After the reaction
ended, the catalyst bed. was left in the reaction tube and
through which nitrogen ‘gas ‘was passed for an hour at
450°C. to substitute the inside atmosphere. Then the
catalyst’s regeneration was effected under various con-
ditions as: follows -

EXAMPLE ]5—1

Alr and water were introduced-into the reactlon tube
at a respective flow rate of 0.10 I/min. (standard state)
and 20 g/hr. (feed rate of the gas = 0.51 I/min. at stan-
dard state; composition. of the gas: O, = 3.9 vol %, N,

- , - 20 =15.5 vol %, and H,O = 80.6 vol %). The catalyst bed
Reaction Time ~ 2,4,6-Trimcthylphenol 2,6-Xylenol = wag maintained at 600° — 650°C. and treated for 2
(hr.) - Yield (%) - Yield (%) - " S
e _ , : ' hours and 20 mmutes
0~ 24 76 2 | |
24 - 48 79 S EXAMPLE 15—-—2
48 — 72 78 8 |
(‘;2 ~ 98, 3,3 l% 25 The regeneration conditions were the same to those
150 — 144 64 :é of Example 15-1. The catalyst bed was mamtamed at
Regenerating - 410° — 430°C. and treated for 9 hours. |
Treatment S : -. .
- 24 73 3 | EXAMPLE 15-3
24 — 48 74 8 | L
a8 -12 7 |3 30 The regeneration conditions were the same to those
96 — 1207 - 8R 93 of Example 15-1. The catalyst bed was maintained at
120 - 144 53 26 200°C. and treated for 24 hours, but substantially no
R;ft::{;i‘;‘:g combustion of the carbon and the like adhered onto the
0-24 69 4 . catalyst was observed. -
24 - 48 175 8 - 35 | | |
120 - 144 50 . 29 EXAMPLE 15—4
Regencerating - : | : : _ _ _
Trf}um};m s . The catalyst was treated with air and nitrogen gas at
5a 48 72 10 the respective flow rate of 0.10 1/min. (standard state)
120 - 144 47 | 32 | and 0.41 1/min., at 440° — 460°C. for 5 hours, and then
Regenoruting ' 40 the temperature was lowered to 150°C. At said temper-
0 — 24 66 - 4 ature, the catalyst was further treated for 5 hours with
a8 7 g N water at a flow rate of 30 g/hr. (steam flow rate: 0.62
Regencrating B ‘ |/min. at the standard state), and for additional 6 hours
Tr}:)utﬁ]?e‘*nt . - 3 - at 450°C. with nitrogen gas at a flow rate of 0.2 1/min.
-2 S - 45
04 _ 4 20 10 . The results of repeating the foregoing methylation
| 120 - 144 47 - 31 reaction and the catalyst regeneratmg treatment were
— as given 1n Table 19 below
- Table 19
Example No. 15-1 . 152 o 15-3 15-4
2.4.6- - 2.6- 246-  2.6- 2,4,6- 2,6- 2,4,6- 2,6-
Trimethyl-  Xylenol  Trimethyl- ~ Xylenol Trimethyl- - Xylenol Trimethyl- Xylenol
Reaction Time phenol ~ Yield phenol Yield phenol Yield phenol Yield
(hr.) CYield (%) (%) Yield (%) (%) Yield(%) . (%)  Yield (%) (%)
0 - 24 75 2 75 2 77 3 78 1
24 - 48 81 5 80 4 80 5 82 4
120 — 144 59 22 61 20 60 23 63 19
Regenerating o -
Treatment | . S y
- 0-24 62 18 75 13 56 25 72 2
24 - 48 56 24 79 6 55 27 81 5
120 - 144 57 24 39 35 59 22
Regenerating -
- Treatment
0-24 - — — 76 3 — — 74 2 .
24 — 48 — — 80 5 — — 80 5
— — 55 26 —_ — 60

120 ~ 144

1 tJ
o

We claim:
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1. A process for the preparation of 2,4,6-trimethyl-
phenol by reacting a phenolic compound of the for-
mula:

in which R, and R, each stands for hydrogen atom or
methyl group, with methanol at vapor phase to methy-
late the former, which comprises performing the reac-
tion at a temperature in range of from 430° —475°C.,
the gaseous mixture being composed essentially of the
phenolic compound and methanol being contacted at a
flow rate not higher than 0.4/hour, calculated as the
sum weight in grams of the phenol and methanol per
catalyst’s weight in grams/hour, with a catalyst of which
at least 90% by weight consists of magnesium oxide,
said catalyst containing (1) no acidic substance of acid
strength of pKa 4.8 or below and no basic substance of
base strength of pKa 18.4 or above, and having (2) the
ratio of basicity (k) of 60 to 100% wherein:

[ b == X 100 (%),]

and (3) a specific surface area of at least 15 m?/g.

2. The process for the preparation of 2,4,6-trimethyl-
phenol according to claim 1, in which the gaseous mix-
ture composed essentially of the phenol and methanol
is contacted with the catalyst at a ﬂow rate ranging
from 0.1 to 0.2/hour.

- 3. The process for the preparation of 2,4,6-trimethyl-
phenol according to claim 1, in which the gaseous mix-
ture composed essentially of the phenol and methanol
is contacted with the catalyst at a flow rate ranging
from 0.04 to 0.15/hour.

4. The process according to claim 1, in which the
‘reaction 1s performed at the temperatures ranging from
420° to 490°C.

5. The process according to claim 1, in which the
reaction is performed at the temperatures higher than
430°C. but lower than 475°C.

6. The process according to claim 1, in which the

Amount of base
amount of base + amount of acid

(1)

10

15

20

25

30

35

40

45

50

phenol and methanol are diluted with an nert gas and .

used for the reaction.
7. The process accordmg to claim 6, In Wl’llCh the
inert gas is steam.

8. The process according to claim 7, in which not

more than 10 mols of water per mol of the phenol 1s

55

used, and the phenol and methanol are diluted with the

steam formed from said water.

9. The process according to claim 1, in which the

~methanol i1s used, based on the theoretical mol number
of the methyl groups to be introduced into a mol of
phenol to form 2,4,6-trimethylphenol, in the amount of
0.5 - 5 times the theoretical mol number per mol of
phenol.

60

05
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10. The process according to claim 1, in which the
reaction 1s performed at the pressures ranging from 0.5
to 20 atmospheric pressures, as absolute pressure.

11. The process according to claim 1, in which the
reaction 1s performed at the pressures ranging from 1 to
16 atmospheric pressures, as absolute pressure.

12. The process according to claim 1, in which the
magnesium oxide has a pore radius (r) of 20 —400 A is
used as the catalyst.

13. The process according to claim 1, in which the
magnesium oxide has a pore radius (r) of 30 - 150 A is
used as the catalyst.

14. The process according to claim 1, in which at
least one metallic compound selected from the group
consisting of hydroxide, carbonate, phosphate, borate,
silicate, aluminate of alkali metals and oxide, carbon-
ate, phosphate, borate, of alkaline earth metals, i
added to the magnesium oxide to serve as the catalyst.

15. The process according to claim 14, in which at
most 10% by weight to the magnesium oxide of the
metallic compound is added to the magnesium oxide to
serve as the catalyst. |

16. The process according to claim 14, in which up to
5% by weight to the magnesium oxide of the metallic
compound is added to the magnesium oxide to serve as
the catalyst.

17. The process according to claim 1, in which the
phenolic compound is phenol containing no methyl
substituent group, which is expressed by the formula,

OH

l.

18. The process according to claim 1, in which the
magnesium oxide-containing catalyst of which activity
has been reduced is subjected to an oxidation treat-
ment comprising contacting the catalyst with molecular
oxygen or a molecular oxygen-containing gas at the
temperatures ranging from 200° to 700°C., and the thus
regenerated catalyst is used in the methylation of phe-
nol. |

- 19. The process according to claim 1, in which the
magnesium oxide-containing catalyst of which activity
has been reduced is subjected to an oxidation treat-
ment comprising contacting the catalyst with molecular
oxygen or a molecular oxygen-containing gas at tem-
peratures ranging from 200° to 700°C., and then to a
water treatment comprising contacting the catalyst
with water or steam at the temperatures ranging from
the normal to 650°C., and the thus regenerated catalyst
is used in the methylatlon of phenol.

20. The process according to claim 1, in which the
magnesium oxide-containing catalyst of which activity
has been reduced is contacted with molecular oxygen
or a molecular oxygen-containing gas at the tempera-
tures ranging from 200° to 600°C., in the presence of
water or steam, and the thus regenerated catalyst is

used in the methylation of phenol.
¥ ok % k%
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